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EXECUTIVE SUMMARY 

The B Reactor is located within the Hanford Site in the 100-B Area, on the south bank of the 

Columbia River. It is approximately 35 mi upstream and 32 road miles from the city of 

Richland, in the southeastern portion of Washington State, and is one of nine plutonium- 

production reactors constructed during the 1940s and the Cold War. Construction of the 

B Reactor began June 7, 1943, and operation began on September 26, 1944. The B Reactor was 

the world’s first full-scale production reactor and produced plutonium for the first man-made 

nuclear explosion for the Trinity Test in New Mexico on July 16, 1945, and the bomb dropped 

on Nagasaki, Japan, on August 8, 1945. The reactor permanently ceased its plutonium- 

production operation in 1968. Because of its historical significance, the reactor was listed in the 

National Register of Historic Places on April 3, 1992. A portion of the B Reactor is currently 

functioning as a controlled-access tour area; however, minor hazards and deficiencies exist 

within the tour area that require corrective action before the public is allowed unescorted access. 

This Phase II report is expected to meet the Hanford Federal Facility Agreement and Consent 

Order (Tri-Party Agreement) Milestone M-93-05 commitment for the third quarter of fiscal year 

2000. The purpose of this report is to provide the basis and supporting documentation necessary 

to prepare the B Reactor as a facility open for partial, unescorted-access public tours. 

To prepare the facility for unescorted access, potential hazards and deficiencies had to be 

identified by performing a walk-through with professionals representing the architectural, 

electrical, mechanical, and structural engineering disciplines; industrial and radiological health 

and safety; and fire and life safety. On the basis of a review of past evaluations and information 

gained from this walk-through, identification of the hazards and deficiencies in the B Reactor 

and proposed corrective actions are provided in this report. 

The B Reactor Museum Association (BRMA), as the primary stakeholder, has been provided a 

review and comment period for the 60% and 90% reporting phases of this project. On the basis 

of the proposed corrective actions described in the 60% draft report, BRMA (in conjunction with 

the U.S. Department of Energy, Richland Operations Office) participated in selecting and 
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generally reached consensus on the final mitigative measures necessary to ensure the health and 

safety of potential tour members visiting the B Reactor and to protect the environment. 

Engineering design drawings and associated costs to implement the measures were subsequently 

presented in the 90% draft report. Review comments received from BRMA on the 90% draft 

report have been incorporated into this final report. The selected measures reduce or eliminate 

risk to persons touring the facility, provide for appropriate accessibility under the Americans with 

Disabilities Act, and retain the character of the building to the maximum extent possible as a 

registered National Historic Place. 

The major selected mitigative activities include providing ventilation to reduce the naturally 

occurring radon that accumulates in the tour area, providing new electrical service and de- 

energizing the existing service, removing sources of radiological contamination, providing 

necessary egress in the event of an emergency, and providing adequate barriers to prevent access 

by tour members to unauthorized areas of the facility that may have hazardous conditions. 

To provide for accessibility requirements, a restroom facility with showers is recommended to be 

built in the vicinity of the reactor. In addition, exits and tour areas will be upgraded where 

needed to meet code requirements. 

Because of the B Reactor’s historic significance and to maintain its historical integrity, all 

mitigative measures have been designed to be as visually unobtrusive as possible while 

correcting deficiencies. An example of these measures is that the existing lighting will be 

refurbished and used in the primary tour route. In addition, custom-made replicas of existing 

doors are recommended for installation where appropriate to meet current building codes. 

During the review/assessment of the primary tour route, it was determined that an additional 

egress route was required from the “work area.” This egress route will be along the southern end 

of the valve pit and lunch room. In creating this egress, essentially an additional area of the 

B Reactor will be opened for touring. 
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A comprehensive fire hazard analysis was also performed to evaluate the entire B Reactor as it 

relates to the tour route. Recommendations resulting from this analysis are included in the 

selected mitigative measures. 

Finally, detailed engineering drawings and associated costs are provided in this report for 

completing recommended hazardous mitigation activities. 

After the recommended actions of this report are implemented, the tour route portions of the 

facility will meet the safety requirements necessary to allow unescorted access by the public. 

However, appropriate surveillance and maintenance activities must remain as a key requirement 

to maintain the structure for public access. A corrective action for the aging roof and exterior 

ventilation ducting was beyond the scope of this work but will be necessary in the near future. 
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METRIC CONVERSION CHART 

If You Know 

Length 

inches 

inches 

feet 

yards 

miles 

Area 

sq. inches 

sq. feet 

sq. yards 

sq. miles 

acres 

Mass (weight) 

ounces 

pounds 

ton 

Volume 

teaspoons 

tablespoons 

fluid ounces 

cups 

pints 

quarts 

gallons 

cubic feet 

cubic yards 

Temperature 

Fahrenheit 

Radioactivity 

picocuries 

Into Metric Units 

Multiply By To Get 

25.4 millimeters 

2.54 centimeters 

0.305 meters 

0.914 meters 

1.609 kilometers 

6.452 sq. centimeters 

0.093 sq. meters 

0.0836 sq. meters 

2.6 sq. kilometers 

0.405 hectares 

28.35 grams 

0.454 kilograms 

0.907 metric ton 

5 milliliters 

15 milliliters 

30 milliliters 

0.24 liters 

0.47 liters 

0.95 liters 

3.8 liters 

0.028 cubic meters 

0.765 cubic meters 

subtract 32, 
then 
multiply by 
519 

Celsius 

37 millibecquerel 

rf You Know 

Length 

millimeters 

centimeters 

meters 

meters 

kilometers 

Area 

sq. centimeters 

sq. meters 

sq. meters 

sq. kilometers 

hectares 

Mass (weight) 

grams 

kilograms 

metric ton 

Volume 

milliliters 

liters 

liters 

liters 

cubic meters 

cubic meters 

Temperature 

Celsius 

Radioactivity 

millibecquerel 

Out of Metric Units 

Multiply By To Get 

0.039 inches 

0.394 inches 

3.281 feet 

1.094 yards 

0.621 miles 

0.155 sq. inches 

10.76 sq. feet 

1.196 sq. yards 

0.4 sq. miles 

2.47 acres 

0.035 ounces 

2.205 pounds 

1.102 ton 

0.033 fluid ounces 

2.1 pints 

1.057 quarts 

0.264 gallons 

35.315 cubic feet 

1.308 cubic yards 

multiply by 
915, then add 
32 

Fahrenheit 

0.027 picocuries 
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1.0 INTRODUCTION 

The B Reactor, located in the 100-B Area of the Hanford Site near Richland, Washington, is one 
of nine plutonium-production reactors constructed during the 1940s and the Cold War Era 
(Griffin and Sharpe 1999). Construction of the B Reactor began June 7, 1943, and operation 
began on September 26, 1944. The B Reactor was the world’s first full-scale production reactor 
and produced plutonium for the first man-made nuclear explosion for the Trinity Test in New 
Mexico on July 16, 1945, and the plutonium used in the bomb dropped on Nagasaki, Japan, on 
August 8, 1945. The reactor permanently ceased its plutonium-production operation in 1968, 
and a limited portion of the facility is currently a controlled-access tour area. 

’ 

Pursuant to Section 110 of the National Historic Preservation Act of I966 CNHpA), the 
U.S. Department of Energy (DOE), Richland Operations Office (RI) has the responsibility to 
preserve and protect historic buildings and structures located on the Hanford Site that are eligible 
for the National Register of Historic Places. The B Reactor was listed in the National Register 
on April 3, 1992. Protection of this historic property is provided through Stipulation V of the 
Programmatic Agreement Among the U.S. Department of Energy, Richland Operations Office, 
the Advisory Council on Historic Preservation, the Washington State Historic Preservation 
Office for the Maintenance Deactivation, Alteration, and Demolition of the Built Environment on 
the Hanford Site, Washington (DOE 1996). 

This 105-B Reactor Museum feasibility assessment (Phase II) project report documents project 
activities that have been performed, including a review and assessment of previously existing 
information, a walk-through of the facility, an assessment of potential hazards, and selection of 
mitigative measures deemed to be appropriate to allow unescorted access by members of the 
public to a specified primary tour route. Detailed design drawings with associated cost schedules 
for the selected measures are also included in this report. 

1.1 PURPOSE 

Bechtel Hanford Inc. (BHI), the Environmental Restoration Contractor (ERC) at the Hanford 
Site, was requested by RL to provide a 105-B Reactor Museum feasiblity assessment (Phase II) 
project report. MACTEC, Inc. was selected as a subcontractor to provide this report under the 
review and oversight of BHI. Meier Enterprises, Inc., and Hughes Associates, Inc., provided the 
engineering design and fire hazard assessment, respectively, to MACTEC, Inc., for input into 
this report. This Phase II report is expected to satisfy the Hanford Federal Facility Agreement 
and Consent Order (Tri-Party Agreement) (Ecology et al. 1998) Milestone M-93-05 
commitment for the third quarter of fiscal year 2000. 

The purpose of this report is to provide the basis and supporting documentation necessary to 
reach a consensus on a cost-effective approach to prepare the B Reactor as a facility open for 
partial public tours with unescorted access. Final decisions on balancing among the mitigation 
of hazards, costs, and historical significance will be made by RL in cooperation with the 
B Reactor Museum Association (BRMA). 
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The objective of the 105-B Reactor Museum feasibility assessment (Phase II) project is to assess 
and document the activities needed to prepare designated areas of the B Reactor for use as a 
facility for public tours with unescorted access; it is not intended to address issues such as 
presentation of displays or the general ambiance necessary to create a museum. Therefore, this 
Phase II assessment evaluates hazards and provides designs and associated costs for the purpose 
of engineering safety improvements to mitigate potential hazards to the environment and those 
hazards that could pose a threat to persons touring the B Reactor. 

1.2 SCOPE 

The Work Plan for the 105-B Reactor Museum Phase II Feasibility Assessment (MACTEC 
2000) described the approach for achieving the project objectives and outlined the scope and 
schedule for completing the 105-B Reactor Museum feasibility assessment (Phase II) project 
report and providing the necessary support during BRMA presentations. The scope of the 
Phase II report includes only the existing (primary) tour route. Other proposed tour areas 
discussed in prior documents were not included in this current assessment, except to the extent 
that hazards in other areas affected conditions in the primary tour route. 

The essential elements of this report include a review of previously existing information of 
deficiencies identified during previous assessments, a description of results of the walk-through 
of the facility, and a detailed analysis and selection of mitigation options necessary to alleviate 
unsafe or deficient conditions in the primary tour area. Detailed engineering drawings and costs 
to implement the selected options are also provided. Appendix A provides a checklist and the 
criteria for the 105-B Reactor walk-through. As low as reasonably achievable documentation is 
provided in Appendix B. The fire hazard analysis is provided as Appendix C, and the 
engineering design package is provided as Appendix D. 
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2.0 DESCRIPTION 

2.1 PHYSICAL DESCRIPTION 

The B Reactor is located within the Hanford Site in the 100-B Area, on the south bank of the 
Columbia River. It is approximately 35 mi upstream and 32 road miles from the city of 
Richland, in the southeastern portion of Washington State (Figure 2-l). The B Reactor was 
permanently shut down in April 1969, and since that time the reactor has been in a condition of 
minimum surveillance and maintenance (S&M). A limited portion of B Reactor is currently 
functioning as a controlled-access tour area. Figure 2-2 provides a view of the B Reactor floor 
plan and the location of the primary tour route at the site. Figure 2-2 also includes the location of 
the proposed egress route from the work area. This egress route for future unescorted public 
access was determined to be necessary for emergency evacuation according to an assessment of 
the walk-through observations and an evaluation of applicable codes. 

2.2 PREVIOUS WORK 

Information regarding the status of the B Reactor is presented in 105-B Reactor Facility Museum 
Phase I Feasibility Study Report (Griffin et al. 1995) and Hanford B Reactor Building Hazard 
Assessment Report (Griffin and Sharpe 1999). These reports identify hazards and recommended 
areas requiring additional evaluation during the Phase II assessment. 

2.2.1 Summary of Phase I Feasibility Study 

The purpose of the Phase I feasibility study report (Griffin et al. 1995) was to address the 
opportunities and viability of (1) maintaining the existing B Reactor with controlled access, 
(2) preserving and converting the B Reactor into a public access facility or visitor center, or 
(3) dismantling the reactor. A detailed analysis compared possible alternatives with two sets of 
criteria. The first set of criteria included compliance with state and Federal laws, safety issues, 
ability to implement, and political acceptability. The second set of criteria included a 
cost/benefit analysis. From this analysis, a conclusion was drawn that the use of the B Reactor 
as a tour facility is feasible and that there were several identifiable improvements needed to 
achieve this goal. Some of these improvements were aesthetic in nature, but the major emphasis 
of identified improvements related to a risk assessment (WHC 1993) of the existing physical 
conditions of the facility. In addition to this study, walk-throughs were performed for the Phase I 
feasibility study that provided further detailed information of physical conditions that required 
maintenance. Among the recommendations listed in this report was “engineering designs for 
upgrades required for selected alternatives shall be prepared at a level of detail sufficient for cost 
estimating and preparation of procurement packages” (Griffin et al. 1995). 
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2.2.2 Summary of Hazard Assessment 

The purpose of the hazard assessment (Griffin and Sharpe 1999) was to provide an 
assessment/characterization of the B Reactor building to determine and document the hazards 
that were present and that could pose a threat to the environment and/or to individuals touring the 
building. The report documents the potential hazards, determines the feasibility of mitigating the 
hazards, and makes recommendations regarding areas where public tour access should not be 
permitted. This assessment concluded that although some potential hazards were noted in the 
existing tour route, none of the hazards were of a nature to cause harm to anyone touring the 
facility. 

Assessment activities included reviewing previously published documents describing past 
hazard/risk identification efforts at the B Reactor. The second major activity involved 
walk&roughs of most of the B Reactor to confirm the current status of hazards. The final 
activity was to determine if additional information was required to complete the assessment. It 
was concluded that numerous safety measures were needed prior to allowing public access to 
additional areas of the building for tour-related activities. 
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3.0 PROJECT APPROACH 

The project approach for the Phase II feasibility project was to assemble professionals from a 
variety of disciplines necessary to complete a comprehensive risk assessment, to provide detailed 
designs for upgrades required for partial touring of the B Reactor building, and to provide 
information for BRMA presentations. 

The professionals assembled for this project have expertise in the areas of architectural, 
electrical, mechanical, and structural engineering; radiation and industrial safety; fire protection; 
and risk assessment. These professionals approached the task by reviewing and evaluating past 
information and developing an understanding of deficiencies found by previous assessments. 
During this review, applicable codes and regulations related to the possible deficiencies were 
considered in the context of maintaining the historical integrity of the facility. Lists of areas of 
concern or regulatory compliance issues were also developed for use during the walk-through. It 
was the intent of the walk-through that all information be updated, where appropriate, to reflect 
the current condition of the building. Areas where corrective actions had already occurred since 
the prior risk assessment were noted, and any newly discovered deficiencies were documented. 
Photographs of many of the identified hazards and other locations were taken as appropriate. 

The walk-through was conducted between March 6 and 8,200O. After each day’s activities, the 
professional team assembled to discuss findings and determine data collection needs for the next 
day. These assessment team’s meetings were designed to ensure that all information and data 
necessary to complete the Phase II assessment were gathered efficiently and to reduce the 
possibility of revisits to the site. One revisit was conducted March 30 for the purpose of 
videotaping the tour route in its present condition, calculating an asbestos inventory, and placing 
detectors to measure the radon levels in the facility (see Appendix B). 

Activities onsite during the walk-through were governed by a health and safety plan (HASP) and 
a radiation work permit (RWP). Training regarding the elements of the HASP and RWP was 
provided by BHI (prior to the walk-through) to protect personnel. These documents address the 
safety and health hazards at the site and specify the requirements and procedures for employee 
protection. Trained radiological control technicians were available to monitor activities and 
provide escorts where required. 

Appendix A contains checklists used by the assessment professionals representing the 
architectural, electrical, mechanical, and structural disciplines; radiation and industrial safety; 
and fire protection. It should be noted that these checklists were intended to describe the general 
approach to achieving the project goals but were flexible in nature. After each day’s 
walk-through, the focus of information gathering for the assessment was narrowed and revised 
according to observations during the walk-through and discussions in the assessment team’s 
meetings. The checklists were completed after the walk-through to include the general findings. 

After the walk-through, an analysis of all information was conducted and preliminary mitigative 
actions were selected and included in the 60% draft report, which was issued April 7,200O. A 
meeting with RL and BRMA was conducted April 21,2000, to discuss the content of the 60% 
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draft report and to reach a consensus on the final mitigative actions that would be necessary. As 
a result of these discussions, consensus was generally reached, detailed engineering designs with 
costs were prepared for the selected actions, and this information was presented in a 90% draft 
report. An additional meeting with RL and BRMA was held June 5,2000, to determine the final 
disposition of review comments that resulted from the 90% draft report and the final content of 
the report. 
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4.0 MITIGATIVE ANALYSIS AND SELECTION 

Site visits were conducted to observe the existing conditions along the primary tour route. 
Attention was given to reviewing the hazards identified by previous assessments, noting any 
mitigating or corrective measures taken to date and identifying other hazards or other 
deficiencies not previously noted. Hazards and other deficiencies have been identified on the 
basis of current codes and standards applicable to the building as a tour facility. It is understood 
that the building, due to its age, could neither be expected nor required to meet all current codes 
and standards. Recommendations for mitigating or corrective measures are based on reasonable 
and prudent application of these standards and are applied to conditions where such measures are 
essential or provide a substantive improvement to the safety of the building. The provisions of 
the “Washington State Historic Building Code” (Washington Administrative Code [WAC] 5 l-9) 
were considered to the fullest extent possible when considering corrective actions. 

4.1 ARCHITECTURAL 

4.1.1 Accessibility for Disabled Persons 

The building was constructed and maintained with no provisions for access by the disabled. The 
Americans with Disabilities Act (ADA) requires all public facilities to be accessible to all 
persons, with special provisions for the blind, the deaf, and those who use walkers, wheelchairs, 
and canes. 

The interior of the building is primarily constructed with concrete floors, the majority of which 
are constructed over the dirt grade, while other floor areas are over service tunnels, trenches, or 
utility corridors. The concrete floors are in good shape and are constructed in a level 
configuration. For the most part, the floors are exposed concrete with no covering or other 
finished surfacing; some areas have an epoxy-painted finish. The control room and adjoining 
office floors are finished with vinyl asbestos tile. All of these floor types are suitable to meet 
accessibility requirements. 

The exterior areas around the building have undergone a considerable number of 
decommissioning activities over the past several years. As surrounding structures have been 
removed, the perimeter landscape has been replaced with river rock and crushed-rock material. 
The primary purpose of these materials is to provide dust control. A small area of asphalt 
material near the, tool/storage area (at the northern entrance) serves as a loading area. The 
asphalt is very old and has broken apart in many locations. Currently this is the only paved 
parking area for the building. The parking capacity of the paved area is estimated at about 20 
standard-sized automobiles, configured in a conventional parking arrangement. Figure 4-l 
shows the front entrance to the B Reactor and the parking area located on the north side of the 
B Reactor. Two entry doors that provide access to the tour route in B Reactor are depicted in 
Figure 4-l. The double-door entry on the right side is considered to be the main entrance to be 
used by tour groups. A second entry door (open door in Figure 4-l) is shown in Figure 4-2. The 
door steps down to a small concrete walkway, which extends out to the north a short distance. 

105-B Reactor Museum Feasibility Assessment (Phase II) Project 
June 2000 4-l 





Mitigative Analysis and Selection 
BHI-01384 
Rev. 0 

The existing finished grade immediately surrounding the building is generally level with no 
significant elevation changes or steep slopes. The building perimeter is fenced with 
combinations of permanent and temporary 6-foot high, galvanized metal, chain-link fencing; 
several locking gates are installed. 

The existing restroom facilities consist of separate men’s and women’s restrooms. The women’s 
restroom is a small room with one lavatory, one water closet, and one shower stall; the men’s 
restroom has three lavatories, three urinals, three water closets, and two shower stalls. These 
restroom facilities do not comply with the ADA codes. The doors to each of the restrooms have 
non-compliant hardware consisting of the round-knob type. There is not enough maneuvering 
space directly adjacent to the doors at either (corridor or restroom) side of the door. Neither 
restroom includes a compliant lavatory with compliant control fixtures, mirrors and dispensers, 
clear maneuvering clearances at the lavatory, a compliant handicapped water closet stall 
(minimum clearance width of 60 in. and toilet height of 17 to 19 in.), or a compliant shower stall. 

To mitigate hazards and correct deficiencies associated with disabled person accessibility, the 
small steps at the entry doors on the north side of the B Reactor shall be removed and the 
transitions at the door thresholds shall be modified to meet ADA accessibility requirements (not 
to exceed the OS-in. maximum transition height). The existing door hardware shall be 
augmented with panic-exit hardware for ability of egress in case of emergency. An 
ADA-accessible route is required through these main entry doors. Another exit on the west side 
of the building (exit is proposed as part of providing emergency egress) also requires similar 
modifications for compliance with exiting requirements. However, this exit is not required to 
meet ADA accessibility requirements. 

In addition, an accessible route must be provided from the parking area to the main entry door. 
There is sufficient space in the vicinity of the B Reactor to develop additional parking areas and 
a foot path leading from the building. Development of a parking area is outside the scope of this 
assessment, and design documentation and estimates of construction costs are not included. 

The existing restrooms cannot be brought into compliance with current code without extensive 
building remodeling, including enlarging the footprint of the restroom area, and the restrooms 
should be secured from the public. A new restroom building is proposed to be built in the 
vicinity to serve the building. The restroom shall be ADA-compliant and have an adequate 
number of fixtures, as required by the Uniform Plumbing Code. Further details regarding this 
proposed restroom facility are provided in Section 4.3.1, “Sanitation.” Shower facilities are 
proposed for staff and other authorized personnel in the new restroom building. 

4.1.2 Occupancy 

The occupancy type for a museum, as defined by the 1997 Uniform Building Code (UBC), is an 
assembly space. The classification of this space is also classified as an assembly space by the 
1997 National Fire Protection Association (NFPA) Life Safe@ Code (NFPA 101). Each of these 
codes has specific construction requirements based on these occupancies. 
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The occupant load for the building is calculated using parameters stated in the UBC or NFPA, 
using standard square footage allowances. Table 4-l lists spaces and associated occupant-load 
factors. It should be noted that the square footages listed are values for clear net-floor space 
only. The actual room sizes may be greater than the figures listed for each room. 

Table 4-l. B Reactor Tour Area Occupant Load. 

Area Size 
(square feet) 

Occupant Load 
Factor 

(square feet/person) 

Occupant Load 
(No. of Persons) 

Work area 2,200 15 147 

Control room 650 15 44 

Offices 250 15 17 

Circulation/other 2,000 15 134 

Total 5,100 15 342 

The building was not designed with rated fire corridors and associated fire-rated doors/openings. 
to properly separate these spaces. Therefore, the entire primary tour route must be analyzed as a 
single entity. 

To mitigate the hazards and to correct the deficiencies associated with occupant load, the 
occupant load shall be administratively controlled rather than using the square-footage basis 
calculation. Because of the size, configuration, and manageability of the primary tour route, it is 
unlikely that the number of tourists present in the building at one time would approach the 
calculated occupant load. In addition, buildings that have an occupant load of more than 300 
people are required to have a sprinkler system. However, installation of a fire sprinkler system 
in this building for reasons of occupancy is not warranted. The admission of visitors shall be 
administratively controlled by the tour staff to not exceed a posted maximum occupancy limit of 
200. This limit is more realistic as to the likely number of tour members that would visit the 
facility at any one time and avoids over-design for items such as parking space, bathroom 
facilities, and door widths, as well as not invoking requirements for installing a fire sprinkler 
system. 

4.1.3 Egress 

On the basis of the anticipated occupant load for the building, each area on the primary tour route 
must be provided with two means of egress. The code requires that exits be separated by not less 
than one-half of the longest diagonal distance in any one space. In addition, no room, hall, or 
corridor can have a dead-end corridor or common path interval greater than 20 ft. The egress 
routes currently exit through the two doors on the north side of the building (see Figures 2-2 and 
4-l). These routes provide adequate egress for the primary tour route areas, except from the 
front-face work area. The hont-face work area becomes a dead-end corridor, unless an 
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additional exit is provided out of this area. Egress signs are in place on several doors of the 
building; however, the signs are not compliant with current codes. 

To mitigate hazards and correct deficiencies associated with building egress, an additional exit 
path is proposed out of the front-face work area through the south end of the valve pit room 
(Figures 2-2 and 4-3). This exit path is routed through areas located outside the primary tour 
route. The existing steel sliding door at the southwest comer of the work area or southeast 
comer of the valve pit room (in the center of Figure 4-3) shall be permanently fixed in the open 
position. Access will, therefore, be allowed into an egress corridor that exits through the south 
end of the valve pit area. This egress corridor shall extend from the opening where the sliding 
door now exists, through the valve pit area, along a grated walkway at the south end of the room, 
through the door at the southwest corner of the valve pit area (Figure 4-4) into the lunch room, 
and finally through the exterior door (Figure 4-5) at the southwest comer of the lunch room. The 
lunch room door leading from the valve pit, in addition to the steel sliding door, will be 
permanently fixed open to provide for the egress corridor. Providing for this egress corridor will 
require modifications to the grating on the walkway in the valve pit area. Steel-plate material 
will be installed over the existing grating to provide a solid surface. Ramps or other suitable 
transitions will be installed to accommodate differences in elevation between the concrete floors 
and the walkway grating. The existing handrails will be modified to prevent falling between 
railings. Barriers shall be provided to restrict access to other portions of the valve pit area and 
lunch room. Modifications to handrails and new barriers will be separate or otherwise clearly 
distinguishable from existing components and will not detract from the appearance of those 
components. 

Figure 4-3. Valve Pit Egress Corridor. 
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Finally, a properly sized concrete pad shall be installed outside the exterior door exiting from the 
lunch room. Exit signs along the primary tour route and the new egress route shall be replaced 
with exit-compliant signs, which includes labeling doors that lead to areas not on the primary 
tour route and that are not a path to an exit as “NOT AN EXIT.” New signs shall be clearly 
distinguishable from existing room or door labeling to avoid confusion in the event of emergency 
egress from the building. Old signs can remain in place if there is no confusion; otherwise, the 
old signs will be removed and used for displays in an appropriate location. New lighting shall be 
installed specifically along the new egress corridor. 

4.1.4 Materials and Construction 

Concrete masonry units (CMUs) were used as exterior walls. The steel superstructure is the 
load-bearing structural component. When originally constructed, the CMU walls did not receive 
expansion joints to alleviate stresses associated with thermal expansion and contraction. As the 
weak link in the system, the movement was concentrated on the mortar joints. As a result, 
numerous cracks have occurred. Many of these cracks were repaired using additional mortar or 
other rigid materials (Figures 4-2 and 4-5). Each year, new cracks continue to form. 

The roof, while not observed from above, appears to have numerous failures by evidence of 
water infiltration into the building’s interior. There are several areas where roofing tar has 
seeped through breached locations of the roof, creating drips of tar on the walls, doors, and 
piping. 

The existing exterior doors of the building appear to be original and are constructed of wood. 
Some doors have glazing units. Generally, door hardware and other types of controls are not 
compliant with codes for the disabled. Most door latchsets/locksets are the round-knob type. 
Several doors do have panic hardware; however, these devices are very old. 

To mitigate the hazards and correct deficiencies associated with materials and construction, non- 
compliant door hardware along the accessible route shall be replaced. Emergency panic 
hardware shall be installed at all exit doors. Other door hardware shall remain, if it does not 
impact providing an accessible route, to preserve the historic character of the building. At the 
exit doors, the existing wood doors shall be replaced with new hollow metal doors and frames. 
Custom doors that replicate the appearance of the original doors shall be installed. Mitigating 
and corrective measures recommended for the roof and walls are discussed in the structural 
assessment (Section 4.2). 

4.1.5 Public Access Control 

Many areas within the tour route are not presently controlled adequately to prevent the public 
that may be unescorted li-om entering a dangerous location or other areas not intended for tour 
guests. Public access to unauthorized areas must be prohibited without limiting the viewing of 
items relevant to the tour group. Areas behind the control panels in the control room are open or 
partially controlled to preclude access. However, the existing plexiglass walls are partial height 
and allow passage below (Figure 4-6). The display panel barriers in the front-face work area 
protecting the reactor face could easily be bypassed. For example, Figure 4-7 shows the area 
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behind the display panel in the southwest portion of the work area. A caged ladder just visible in 
the upper left of the picture can be reached and climbed. In addition, there is easy access to a 
radiological buffer area (RBA) that is presently only roped off. Doors to rooms entered from the 
main corridor that are not part of the primary tour route are unlocked or left open. 

Figure 4-6, Barrier in Control Room. 

ublic Access Control in Work Area. 
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To mitigate the hazards and correct deficiencies associated with public access control, areas 
behind the control panels in the control room and areas behind the display panels in the 
front-face work area shall be properly barricaded to prevent passage while maintaining visual 
access. The barricade to be erected in the area of the display panel in the southwest portion of 
the work area will also prevent access to the caged ladder. The barrier will allow access through 
the sliding steel door (visible on the right side of Figure 4-7), which will be permanently secured 
open for the new egress pathway. Barriers shall be arranged to completely block access to the 
restricted areas by the public but will allow access by S&M personnel. Each barrier will be 
securely attached to adjoining building structures. Plexiglass panels will be incorporated where 
viewing of components is desired. Doors to rooms entered from the main corridor shall be 
locked. New latchsets/locksets shall be installed where the existing door hardware is damaged or 
inadequate. Where viewing of a room is desired, plexiglass panels shall be installed in the 
doorways. 

4.2 STRUCTURAL 

4.2.1 General 

The primary design criteria used to evaluate the adequacy of the building structure is the UBC. 
The fundamental purpose of the UBC is to protect building occupants from the most common 
hazards. Another purpose of the UBC is to protect the building from damage. Supplementing 
these documents are the requirements of the Occupational Safety and Health Administration 
(OSHA), the Washington State Industrial Safety and Health Administration, and the 
requirements of the building as a historic place. The codes require the structural elements to 
support a variety of forces. The design forces are as follows: 

l Dead load - The vertical self-weight of the structure such as roofs, walls, and floors, as well 
as all permanent features such as fixed equipment. 

l Roof live load - The load superimposed on the roof structure by the use of the roof such as 
rain, re-roofing or repair activities, and inspections. For this building, the basic roof live load 
is 20 pounds per square foot (psf), but the load can be reduced to 12 psf under certain 
conditions. However, the roof snow load will govern roof design because it will be the more 
restrictive criterion. 

l Roof snow load - The load superimposed on the roof structure by snow, including snow 
drifts. For this building, the basic roof snow load is 20 psf, but the applied snow load is 
significantly higher in drift areas such as parapets and walls at higher and lower roof 
elevations. 

l Floor load - The load superimposed on the floor structure is based on the use of the 
particular area. For this building, area types include assembly areas, storage areas, office 
spaces, and exit paths. The required floor load for assembly areas and exit paths is 100 psf. 
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l Wind load - The load superimposed on the roof and wall structures due to wind. The wind 
load for this building is based on a wind velocity of 70 miles per hour, with a wind exposure 
of “C” and a building importance factor of 1 .O. 

l Seismic (earthquake) load - The load superimposed on the structure due to seismic activity. 
The seismic load for this building is based on seismic zone 2B and a building importance 
factor of 1 .O. 

l Soil load - The load superimposed on the structure due to soil, 

l Hvdraulic (fluid) load - The load superimposed on the structure due to fluids such as water in 
the pool in the fuel storage basin; the pool is currently empty of water and will remain empty 
in the future. 

Additional forces are sometimes considered but do not apply to this building due to its planned 
occupancy and use. These forces include hydraulic loads due to floods, ash loads due to volcanic 
activity, pressure forces due to piping, thermal forces beyond normal atmospheric conditions, 
and crane forces. 

The most destructive force attacking the building structure is water. Heavy snowfall may have 
accumulated on the roof on occasion. More commonly, damage to the structure has occurred 
where water has penetrated through the protective roofs and walls and has caused corrosion or 
has damaged mortar or concrete. Freeze/thaw action has occurred to expand and open up 
otherwise small cracks and has resulted in additional damage. There are several roof leaks in the 
building and many walls are cracked. The following subsections provide additional background 
information for each structural component. 

4.2.2 Roof 

The roof structure above the primary tour route and proposed egress route in the valve pit room 
consists of concrete deck or pre-cast concrete roof panels (see Figure 4-8). The roofing consists 
of a built-up roofing covered with a slag or gravel-ballasted surface. The roof structure above 
the proposed egress route in the lunch room consists of lx or 2x decking over wood joists. The 
lunch room has a gypsum board ceiling that did not allow observation of the decking and joists. 
Similar construction observable in other areas of the building appeared in good condition. 
Structure over the lunch room would be expected to be in similar condition unless there have 
been roof leaks in this area; however, no significant indications of leaking were observed. 

On the basis of information reported in reference material item engineering change notice (ECN) 
600276 (WHC 1994b), the total allowable roof loading is 50 psf. The total load is assumed to 
include both dead and snow loads. While this is probably adequate for most roof areas, there are 
several areas where snow drifts could occur. In these areas, the drift snow loads imposed by 
code requirements exceed 100 psf. Even in an undamaged condition in those areas where snow 
drifts can occur, the roof does not meet current code requirements. This also does not take into 
account any de-rating of the existing structure that may be applied in consideration of corrosion 
or aging of the structural steel. 
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Figure 4-8. Typical Roof Panels/Stains (Not in Primary Tour Route). 

Repairs have been made to individual pre-cast roof panels that were showing signs of excessive 
deflection and corrosion. The repair included installing Unistrut members to support the 
damaged panel. The design for the repair is shown in reference material item ECN 600275 
(WHC 1994a). 

Total replacement of the pre-cast concrete roof panels is shown in reference material item ECN 
600276 (WHC 1994b). The replacement has not been implemented. The design shows a 
light-gauge metal roof attached to the roof support beams. The new roof would prevent further 
roof leaks. Total replacement would be a complete fix rather than the isolated “Band-Aid” type 
roofing repairs that have been previously made. There would be no need for additional Unistrut 
members to support damaged panels. Removing the dead load of the heavier concrete panels 
increases the capacity of the roof system. The total structure weight of the roof would be 
decreased, so seismic roof forces also would be decreased. 

There are disadvantages to the total replacement of the roof, as shown in reference material item 
ECN 600276 (WHC 1994b). From an aesthetic viewpoint, the new steel-panel system would 
look nothing like the original roof, altering the historic appearance of the building. It is not clear 
from the documentation whether diaphragm action to resist lateral forces was addressed by the 
design analysis. It is also not clear whether the existing roof beams were analyzed for the 
increased wind-uplift loads that will be present when the roofs dead load is substantially 
decreased due to the lighter components used for the roof replacement. In uplift conditions, the 
steel beam’s bottom flange can buckle because it is not laterally braced. 
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To mitigate hazards and correct deficiencies associated with the roof, roofing should be repaired 
to prevent leaks that will cause further structural damage. Because the roof does not meet 
current code requirements for total-load capacity, the existing roofing materials must be removed 
prior to installing any new roofing materials. Roofing repair is being addressed by current S&M 
activities and planning. Therefore, design documents and estimates of construction costs are not 
included with this assessment. 

Inspection of the pre-cast concrete roof panels should be performed on an annual basis, 
preferably after the winter snow season. Any damaged roof panels should be evaluated and 
repaired as necessary using an approved method such as the Unistrut fix outlined in reference 
material item ECN 600275 (WHC 1994a). Although this fix is visible from below, its 
appearance does not stand out from the otherwise industrial character of the building and is not 
distracting or obtrusive. An administrative S&M plan should be developed to remove snow or to 
inspect the building whenever the undisturbed snow depth on the ground exceeds 21 in., snow 
drifts in excess of 30 in. deep accumulate on the roof, new roof leaks are observed, or pre-cast 
concrete roof panels are observed deflecting. 

Because the roof does not meet current code requirements for total-load capacity, addition of 
new loads to the roof structure should be restricted. Examples of new loads are fire sprinkler 
piping; heating ventilation, and air conditioning units; and electrical panels. The restriction 
should apply to items supported directly on top of the roof and items suspended from below the 
roof structure. 

4.2.3 Walls 

On the basis of visual inspection, the walls appear in good condition. However, there are 
numerous cracks in the CMU walls, as seen adjacent to the B Reactor entry door (see 
Figure 4-2). Available reference material suggests that some of the CMU walls are totally 
unreinforced. The cracks in the walls are likely the result of several factors. First, the walls do 
not have any expansion joints, resulting in thermal expansion and contraction. Second, the 
exterior face of the CMU walls appears to be unprotected. Water and sun have acted to diminish 
the strength of the mortar and the CMU itself. Last, the walls have been resisting vertical and 
lateral loads for more than 50 years. 

To mitigate hazards and correct deficiencies associated with the walls, continued repair of mortar 
joints with an elastomeric sealant to prevent infiltration of water is recommended. Periodic 
observations should be made to identify areas requiring repair. 

4.2.4 Floors 

On the basis of visual inspection, the floors appear adequate for the required loads. The floors 
consist of concrete slabs along the primary tour route. Along the proposed egress route in the 
valve pit room, the floor consists of steel grating over structural steel beams. In the lunch room, 
it is believed that the floor consists of a wood sheathing over wood joists and beams. The floors 
felt stiff with no apparent deflection under light foot traffic. There are a few floor drains located 
along the primary tour route; the drains are currently inactive. 
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To mitigate hazards and correct deficiencies associated with the floors, openings to floor drains 
along the primary tour route shah be grouted, leveled to match the surrounding floor area, and 
painted to match the existing floor. In addition, metal-grate flooring in the proposed new egress 
corridor in the valve pit room requires modification, as described in Section 4.1.3. 

4.2. Other Structures and Components 

There is a bundle rack of process tubes (Figure 4-9) in the front-face work area suspended over 
areas where tour guests may walk. The strength of the supporting rack and crane cannot be 
verified and appears to be a potential falling hazard. The canvas drop shield in front of the 
reactor core (no picture available) is also suspended near areas where tour guests may walk. It is 
extremely heavy and is also a potential falling hazard. The support mechanism for the drop 
shield is as old as the building and is considered to be suspect. Roof leaks also were observed in 
the front-face work area. 

-9. Overhead Bundle Rack of Process Tubes. 

The original ductwork on the exterior of the building appears to be rusted (see Figure 4-l and 
front cover). Although not observed closely from the roof, the structural supports for the 
ductwork also appear to be rusted. The supports will eventually rust through and the ductwork 
would fall to the roof. Although the impact force is unlikely to cause any structural damage, 
falling ductwork would almost certainly damage the roofing and cause additional roof leaks. A 
more likely condition would be that a wind storm would cause the ductwork to fail, and pieces of 
the ductwork would become an airborne flying hazard. Although it would not travel far, the 
flying debris would be a hazard to someone on the ground in the vicinity of the building. 
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To mitigate hazards and correct deficiencies associated with miscellaneous structures and 
components, the suspended bundle rack and canvas drop shield shall be provided with a 
secondary supporting system (e.g., dead-man cable system) attached to the building structure to 
arrest the fall of these components in the event the original attachments fail. It is recommended 
that the exterior ductwork either be repaired or removed in the future. A replica of the ductwork 
could be added if desired. Design for this contingency is not in the current scope of work. 

4.2.6 Seismic Forces 

The ability of the building to resist current code-prescribed seismic (i.e., earthquake) forces is 
suspect. A detailed seismic analysis of the building is beyond the scope of this assessment; 
however, construction types observed or discovered are similar to methods known from 
experience not to be seismically resistant. For example, available reference information states 
that the precast concrete roof panels are not tied to the walls, the roof steel beams, or to each 
other. Without these ties, the roof “floats” on top of the walls and roof steel beams. In a seismic 
event, the mass of the structure is accelerated horizontally and, to a lesser extent, vertically, 
resulting in large horizontal forces that would result in this “floating” roof to move away from 
the walls. Another example is the construction of the walls. The CMU is already cracked, 
largely unreinforced, and almost certainly not built to current code standards. Unreinforced 
CMU typically performs very poorly in resisting seismic forces. 

No mitigating or corrective measures are recommended to address application of seismic forces. 
Modifications to the building to resist current code-prescribed seismic forces would be extensive, 
costly, and not warranted based on the low probability of a significant seismic event. 

4.3 MECHANICAL 

4.3.1 Sanitation 

Raw water is supplied to the building from the export water system horn the 182-B reservoir. 
Bottled water dispensers are currently provided for drinking water. Sanitary sewage from the 
restroom facilities has been discharged to an onsite septic system. The plumbing systems in the 
building were shut off during the assessment walk&roughs but have since been turned back on. 
The lavatories in the restrooms are in good condition and have been cleaned. The toilets are in 
fair condition but have not been cleaned. There is a great deal of staining, particularly below the 
normal water line in the toilet bowls. The fixtures and trim do not meet current disabled persons 
accessibility standards. 

The restrooms would need substantial remodeling to provide the required number of fixtures and 
the required disabled persons accessibility. Some of the toilets and all of the lavatory faucets 
would need to be replaced with fixtures and trim meeting disabled persons accessibility 
requirements. The internal condition of the piping is suspect. It is also likely that the onsite 
septic tank system would have to be replaced. 
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To mitigate the hazards and correct the deficiencies associated with sanitation, the water and 
sewer systems in the building shall be deactivated, and the restroom facilities in the building 
shall not be used. Waste piping shall be plugged at fixture outlets to prevent any remnant sewer 
gas from entering the building. Plexiglass barriers shall be installed in the doorways to allow 
viewing of the rooms from the primary tour route. 

To provide required sanitary services, a new, stand-alone, self-contained unit with the proper 
number of fixtures for the new occupancy and properly configured for disabled persons 
accessibility shall be constructed in the vicinity of the B Reactor. Specific siting of the new 
structure is not within the current scope of work because there are many details (e.g., co-locating 
a guard shack/badge house and parking area with the restroom) that have not yet been 
determined. Water shall be supplied to the building from the 100-B Area export water utility. 
Postings shall be attached at restroom fixtures indicating, “NON-POTABLE WATER, DO NOT 
DRINK.” Bottled water sources shall be provided for drinking. 

4.3.2 Ventilation 

The original building ventilating systems are currently inoperable. Ventilation for radon control 
is being affected by opening doors and drawing air through the building with portable box fans. 
The ventilation air is not heated and the building gets uncomfortably cold during the late fall, 
winter, and early spring. The cold temperatures also have adverse effects on interior finishes. 
The open doors also allow dirt and animal entry. The building is typically ventilated for about 
2 hours prior to tour groups arriving at the building. 

To mitigate the hazards and correct the deficiencies associated with ventilation, new ventilating 
fans shall be installed in the primary tour route areas, except for the control room. The fans shall 
discharge to the outdoors through the exterior walls. The fans shall be sized to provide 
ventilation for occupants and for radon mitigation in the areas served. Ventilation for the control 
room shall be integrated with the proposed heating and air conditioning system described in 
Section 4.3.3. 

4.3.3 Environmental Control 

The original building heating systems are currently inoperable. The original equipment, except 
for the fan unit that served the control room, and the original supply and exhaust ductwork are 
still in place. Ductwork on the exterior of the building appears to be rusted. Some of the 
exterior ductwork may have rusted through, creating holes through which rainwater can enter. 
Past occurrences of rainwater staining were observed on the ceiling of the front-face work area 
fi-om the vicinity of the grilles and registers. Much of the steam and condensate piping for 
heating is also still in place. A small through-the-wall heating and air conditioning unit has been 
installed to serve the tool/storage area., This unit has been installed to provide a tempered 
environment for miscellaneous items stored in the building. 

Another through-the-wall heating and air conditioning unit has been installed to serve the control 
room. Ductwork has been installed from the discharge louver of the heating and air conditioning 
unit and connected to existing supply ductwork serving the control room. Through-the-wall 
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heating and air conditioning units are not intended to be ducted in this manner. Air return from 
the control room migrates out through doors and cracks into adjoining spaces. The heating and 
air conditioning unit draws intake air from the equipment room in which it is located. Air 
infiltrates from adjoining spaces and from leakage to the outdoors. 

To mitigate the hazards and correct the deficiencies associated with environmental control, 
electric unit heaters shall be installed in the current tour route areas, except for the control room, 
to maintain temperature conditions for the comfort of tour guests and for protection of interior 
finishes. Refrigerated cooling systems are not warranted for the front-face work area and 
adjoining areas. Instead, the ventilating fans shall be operated to use cool night air to purge 
residual heat from these areas. The height and thermal mass of these areas will allow the indoor 
temperature to hold through most of the day until the night ventilation cycle can resume. 
Ductwork penetrations through the building roof and walls shall be blanked off and sealed. 

The through-the-wall heating and air conditioning unit now serving the control room shall be 
replaced with a new electric split-system heat-pump system. The fan/coil unit shall be located in 
the existing equipment room. Ductwork shall be installed to connect the fan/coil unit to the 
existing supply and return ductwork serving the control room. A new intake louver shall be 
installed in the wall opening vacated by the through-the-wall unit. Ventilation air shall be 
introduced through the louver and connected to the return air ductwork near the fan/coil unit 
inlet. The heat pump unit shall be located outdoors in a visually unobtrusive location on the east 
side of the tool/storage area. Additional grilles shall be installed in the supply and return 
ductwork as it transits the entry corridor to also condition this area. The new system will 
maintain temperature conditions for the comfort of tour guests and for protection of interior 
finishes. The new system will also provide ventilation for occupants and for radon mitigation in 
the areas served. 

4.3.4 Fire Suppression 

The water supply for fire suppression is supplied to the hydrants from the export water system 
from the 182-B reservoir. Two fire hydrants are located in the vicinity of the building. No 
automatic sprinklers, interior standpipes, or other special hazard fire suppression systems are 
installed in the building. Portable fire extinguishers are provided sporadically along the current 
tour route. The number and location of tire extinguishers do not meet requirements of NPPA 10, 
Standardfor Portable Fire Extinguishers. 

To mitigate the hazards and correct deficiencies associated with the fire suppression systems, 
additional fire extinguishers shall be installed along the primary tour route. Installation of 
automatic sprinkler systems, interior standpipes, or other special hazard fire extinguishing 
systems is not warranted. Additional details regarding tire suppression are included in 
Appendix C, “Fire Hazard Analysis.” 

4.3.5 Miscellaneous Mechanical Components 

Steam and other utility piping is routed through various portions of the tour route. Some of the 
piping is located low enough overhead to be reachable, although not without jumping up. Piping 
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rises from the floor to the overhead space in several places along the tour route. Large valves 
with protruding valve stems are located in the risers; however, there is adequate clearance to 
avoid running into the piping and valves. In general, the piping is adequately supported but is 
not braced for seismic movement. Much of the piping is insulated with asbestos-containing 
materials (ACM); further discussion of ACM is included in Section 4.5.1.1. 

No mitigating or corrective measures are recommended for the majority of miscellaneous 
mechanical components. Steam and other utility piping shall remain in place. The location of 
the piping does not pose a significant hazard to tour guests, except for vertical stands of piping 
where tour visitors could breach the ACM. About 30 linear feet of vertical piping will have 
protective jacketing placed. Because the building itself does not meet current seismic 
requirements, seismic bracing of the piping is not warranted. 

4.4 ELECTRICAL 

4.4.1 Power 

Electrical power is supplied to the building from the 100-B Area overhead 13.8kilovolt 
distribution lines. The overhead lines originally distributed power at 2.4 kilovolts during the 
operational era of the building. Projects completed in the late 1980s and early 1990s converted 
these overhead distribution lines from 2.4 to 13.8 kilovolts. The reactor operating systems in the 
building are currently shut off. Efforts have been made to de-energize reactor control cabinets, 
ventilation systems, cooling water pumping systems, and other electrically driven equipment. 
The energization status and the internal condition of the electrical systems are not known in 
detail. 

The majority of the electrical distribution equipment is the original equipment installed in the 
early 1940s. Replacement parts are no longer available and the equipment has exceeded its 
intended life. At present, 120-volt single-phase and 480-volt three-phase electrical power are 
available throughout the building. Currently, there are no power requirements other than general 
lighting, display lighting, convenience or display receptacles, and power for the heat detectors 
and wall air conditioning units and unit heaters. 

Conduit is routed through various portions of the primary tour route. Some of the conduit is 
located low enough overhead or is wall-mounted low enough to be reachable, however, there is 
adequate clearance to avoid the conduit and panels. In general, the conduit is adequately 
supported, but is not braced for seismic movement. The condition of the wiring and wiring 
insulation is suspect. 

To mitigate the hazards and correct deficiencies associated with electrical power, the existing 
electrical systems in the building shall be deactivated and the distribution panelboards, lighting 
panelboards, and control panels in the building will not be used. Demolition of the existing 
fixtures or systems is not warranted due to the historical value of this equipment. Safety to 
personnel and visitors can be ensured by isolating the existing equipment from all energized 
electrical equipment. All concerns of touch and reach shock hazards are thereby eliminated. 
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A new 400~amp, 208/120-volt, three-phase, four-wire panelboard shall be installed to provide 
power for the general lighting, display lighting, general receptacles, display receptacles, and 
building heating, ventilating, and air conditioning equipment. The new service and distribution 
equipment shall be placed in rooms that will be locked or otherwise secured to prevent access by 
unauthorized personnel or the public. Providing 480-volt electrical power to the building is 
unnecessary and adds to the potential for severe and fatal injury. A supply voltage of 208/120 
volts is adequate for the types of fixtures and electrically driven equipment that will be installed 
in the building. Multi-outlet strips shall be installed in all display areas; the strips shall be 
wall-mounted behind display locations up out of reach of small children. General building 
convenience receptacles shall be installed so any location of serviceable equipment is not more 
than 25 fi from the nearest receptacle. The receptacles are provided primarily for maintenance 
and housekeeping purposes. 

Other hazardous conditions identified in previous assessments regarding the electrical systems 
have been or are in the process of being corrected. Hazards such as missing wireway covers in 
the front-face work area and wire ends hanging out of the wireway by the entry to this area are 
mitigated by de-energizing all existing electrical equipment and wireways. Other hazards (e.g., 
exposed wiring and accessible fuse panels) are also mitigated by this measure. 

4.4.2 Lighting 

Lighting fixtures on the primary tour route were being relamped during the site visits. The 
building does not maintain lighting outside of the primary tour route. Lighting levels in most 
areas on the primary tour route are adequate. The Illuminating Engineering Society of North 
America (IES) recommends illumination levels between 10 and 20 footcandles, with the median 
being 15 footcandles, for museum lobby areas, general gallery areas, and corridors. The 
recommended illumination levels for displays that are not subject to light damage range from 20 
to 50 footcandles, with the median being 30 footcandles. Lighting-level measurements were 
taken in each of the primary tour route areas. The results for each area are as follows: 

l Entrance corridor from northwest entrance to work area - Measurements ranged from 10 to 
25 footcandles, with the majority of the readings being above the 10 footcandle minimum 
recommended by IES. 

l Work area - Measurements ranged from 2 to 3 footcandles without the ceiling lights turned 
on. The only lighting that was turned on was the display lighting and a few flood lights 
aimed at the reactor front face. On a subsequent visit, the ceiling lights were turned on. 
Additional measurements were not taken; however, the ceiling lights seemed to supply 
adequate light levels. The lighting level in this area should be around 30 footcandles on 
average. 

l Corridor to control room from entrance corridor - Measurements ranged from 4 to 20 
footcandles, with the majority of the readings being below the 10 footcandle minimum 
recommended by IES. 
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l Control room - Measurements ranged from 7 to 136 footcandles, with the majority of the 
readings being about 100 footcandles, which is well above the maximum level recommended 
by IES, even for display areas (50 footcandles). 

l Office A - Measurements ranged from 17 to 75 footcandles, with the majority of the readings 
being about 90 footcandles, which is well above the maximum level recommended by IES, 
even for display areas (50 footcandles). 

l Office B - Measurements ranged from 50 to 95 footcandles, with the majority of the readings 
being about 90 footcandles, which is well above the maximum level recommended by IES, 
even for display areas (50 footcandles). 

l ProDosed additional eaess Dath from the work area - Measurements ranged from 0.5 to 11 
footcandles, with the majority of the readings being well below the 10 footcandle minimum 
recommended by IES. 

To mitigate the hazards and correct the deficiencies associated with lighting, additional light 
fixtures shall be installed in areas that are currently below minimum illumination levels 
recommended by IES. To enhance authenticity of the lighting in the building, the lighting 
fixtures shall be restored similar to those originally provided. The original light fixtures, 
currently stored in the tool/storage area, shall be delivered to a lighting fixture manufacturer for 
rebuilding. Asbestos wiring and insulating materials shall be removed and the fixtures shall be 
reworked with modem fixture wire and sockets. Modem high intensity discharge (HID) lamps 
shall be used rather than incandescent lamps, which will result in efficient and easily serviceable 
fixtures with the basic appearance of the original installation. Additional accent lighting shall be 
added for displays and items of particular interest, such as the front face of the reactor. 

The lighting in the primary tour areas shall be recircuited fi-om the new power distribution 
panelboard. The entry corridor lighting fixtures shall otherwise remain as is. The front-face 
work area lighting shall be upgraded using the rebuilt old fixtures with new wiring and HID 
lamps. The lighting in the corridor to the control room from the entry corridor shall be 
supplemented by installing additional ceiling-mounted fluorescent fixtures. The existing control 
room light fixtures shall be relamped using lower wattage fluorescent lamps. Task lighting 
fixtures shall be installed to highlight particular work stations for desired effect. Fixtures in 
offices adjoining the control room shall be replaced with new fluorescent fixtures. Additional 
light fixtures shall be installed along the proposed new egress path from the front-face work area. 
Effort shall be made to preserve the appearance of the original fixtures when using modem 
Underwriter’s Laboratory approved, energy-efficient ballasts, lamps, lamp holders, and 
insulation. Where light fixtures have reflectors or lenses, the existing reflectors and lenses shall 
be used on the modem replacement fixtures. Existing ballasts may contain polychlomated 
biphenyls (PCBs) and will require special disposal as they are replaced. 

4.4.3 Emergency Lighting 

Several emergency light fixtures are located along the primary tour route. Section C.8.7 of 
Appendix C describes the locations of lighting. The lights are installed sporadically at irregular 
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intervals and locations. Many lights are mounted within easy reach of tour guests and are well 
below the required mounting height. In addition, the emergency lights are connected to general 
receptacle circuits rather than the normal lighting circuits of the area. This is a violation of 
National Electric Code Article 700-12(e) for unit equipment. The branch circuit feeding the unit 
equipment must be the same branch circuit as that serving the normal lighting in the area and 
must be connected ahead of any local switches. 

To mitigate the hazards and correct the deficiencies associated with emergency lighting, 
emergency light fixtures shall be installed throughout the primary tour area and egress corridor. 
Locations shall be chosen to minimize the visual impact of new battery packaged units. All 
areas shall receive adequate emergency illumination to ensure safe egress on loss of power to the 
building. Where suitable to the type of light fixture installed, internal battery-pack ballast units 
or remote battery-pack ballast units shall be provided. This applies to fluorescent fixtures in the 
control room and adjoining offices. Recommendations for emergency lighting locations are 
included in Section C.19.3 of Appendix C. 

4.4.4 Exit Marking 

No exit signs are installed in the building. All egress paths must have adequate exit signs 
directing visitors to the nearest exit. 

To mitigate the hazards and correct the deficiencies associated with exit marking, lighted exit 
signs shall be placed above all doors used for emergency egress. In addition, directional lighted 
exit signs shall be installed to guide visitors to the nearest exit. These directional signs shall be 
located throughout the primary tour area so no position in any area is out of view of a directional 
lighted exit sign. 

4.4.5 Fire Alarm Systems 

Four heat detectors and one fire alarm bell are currently in service and are located in the control 
room. The ability to report alarm activation to the Hanford Fire Department (HFD) was removed 
when the building was decommissioned. The previous location of the radio fire alarm reporting 
@FAR) box is visible near the entry. 

To mitigate the hazards and correct the deficiencies associated with fire alarm systems, a 
commercial-grade fire alarm system shall be installed with rate of rise heat detector zones, fire 
alarm strobes and bells and manual pull stations located throughout the primary tour route. The 
HFD will be providing response to fire emergencies at the B Reactor. A RFAR panel will be 
required to notify HFD in the event of fire alarm activation. Pyrotronics System III equipment, 
which is standard at all other Hanford facilities, shall be installed for uniformity of testing and 
maintenance activities performed by the HFD. 
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4.5 INDUSTRIAL AND RADIOLOGICAL SAFETY 

A comprehensive walk-through and inspection of the B Reactor was performed to identify all 
current potential safety and radiological hazards that could pose a threat to persons participating 
in the primary tour route, even if the threat were not within the tour route itself. 

The primary regulation for this portion of the radiological assessment was 10 Code of Federal 
Regulations (CFR) 835, even though much of the regulation is not applicable to the general 
public in a tour group setting. This regulation is intended primarily for occupational radiation 
protection; any radiation exposure to the general public on tours is not considered to be 
occupational exposure. However, 10 CFR 835.208, “Limits for Members of the Public Entering 
a Controlled Area,” is applicable as a limit for ionizing radiation exposure to tour group 
members- In addition, it is assumed that tour guides may be volunteers and would also be 
governed by this limit. 

While there is no specific regulatory requirement, it is recommended that best practices shall be 
to not allow untrained/unescorted members of the public to encounter actual radiological 
postings without some type of positive control measure, such as a locked door or gate, to 
preclude unauthorized entrance. There are a number of places where this situation exists, such as 
the front-face work area being posted as a “Fixed Contamination Area,” or RBAs behind the 
display panels in the work area with only a rope and sign to keep the public from gaining access 
(Figure 4-7). Because in a tour configuration there could include small children, no unlocked 
access to any current or future radiological areas shall be allowed. It is recognized that while this 
may make access to such areas potentially more difficult for facility workers, it is in the DOE’s 
best interest to adopt such a policy for a tour group setting. 

It should be noted and recognized that the primary tour route has no elevated radiation levels, 
and the few locations where fixed contamination is present are protected by paint. Although 
there are no regulatory drivers for some of the radiological safety recommendations in this 
report, best practices that dictate above and beyond minimum regulatory compliance are the 
appropriate course of action and have been incorporated into the recommendations in this report. 

In addition, the regulations contained in 29 CFR 1910 and 29 CFR 1926 were used as a guide for 
industrial hazard identification and mitigation. However, these regulations narrowly address 
occupational safety in the work place, and also do not address, for example, small children 
touring a facility that is a former nuclear reactor facility. Therefore, for some issues, local 
building codes were used to determine appropriate mitigative actions, such as for handrail 
requirements. 

4.5.1 Industrial Safety 

The industrial safety checklist included in Appendix A indicates the types of hazards that were 
considered during the walk-through and the general evaluation results after the walk-through. In 
addition to the industrial safety inspection and assessment, a gross inventory of ACM was 
undertaken. Samples were not obtained for asbestos analysis, but assumptions were made 
regarding such things as floor tile mastic and thermal system insulation. The results of the 
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asbestos inventory for the primary tour route are presented in Section 4.5.1.1. It is recommended 
that no asbestos abatement is necessary. 

The primary tour route is generally in good condition and free of serious safety hazards. There 
are no floor or wall openings, stairs, or handrails. Lighting is not adequate in all locations, as 
described in detail in Section 4.4.2. 

While housekeeping in the primary tour route is adequate, there are significant spider webs and 
dirt throughout the overhead areas. The entire primary tour route, including overhead areas, 
should have a thorough cleaning performed and an appropriate ongoing S&M program 
established to support unescorted public tours. 

It can be assumed that the majority of the paint throughout the facility contains lead. There are a 
number of areas, including in the control room (see Figure 4-lo), where the paint is chipped and 
peeling. Following the cleaning, any area observed to have flaking or peeling paint shall be 
painted over with a high-quality, lead-free paint. Subsequent periodic inspections of the paint 
throughout the facility should be performed to maintain the integrity of the paint in the facility 
and preclude lead exposures. 

-10. Control Room. 

There is evidence in many locations throughout the facility of bird and animal droppings. This 
material can carry diseases and shall be cleaned up. In addition, measures by S&M shall be 
taken to prevent, to the maximum extent possible, the entry of vermin into the facility. This will 
also help preclude the spread of radioactive contamination. 
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During the assessment, it was noted that rattlesnakes are often found near, and sometimes inside, 
the facility during certain times of the year. While there is no way to positively preclude animals 
from intruding, measures can be taken to help prevent potential problems. When tours are 
occurring in B Reactor, the facility, including the parking area, should be inspected every 
morning prior to allowing the public access to the area. 

First aid supplies should be present when the facility is open for touring. No first aid kit or 
station was observed during the assessment. 

4.5.1.1 Asbestos Inventory and Assessment. For the purposes of this inventory, all thermal 
system insulation (TSI) was assumed to be ACM, as well as all floor tile and floor tile mastic. 
Only ACM that is present in the primary tour route is addressed in this report. No ACM outside 
of this route was inventoried as a part of this assessment, as those areas are not accessible to the 
tour group members. 

The ACM exists in B Reactor in three main forms. The TSI is plentiful as it was used 
extensively as insulation on piping systems. This material has been identified previously and is 
conspicuously marked with bright pink paint and labels (see Figure 4-l 1). In some locations, 
limited abatement has obviously been performed, but the majority of TSI still exists throughout 
the facility. If the material covering the TSI is cut or removed, the asbestos can easily become 
friable and present a hazard to the public. 

Floor tile of the period found in the facility almost certainly contains asbestos, as does the mastic 
under the tile. Unless actions are taken that directly affect the integrity of the tile, such as 
sanding or grinding, this asbestos does not readily become friable. 

Transite is a material that was used for walls or ceilings or as electrical insulation material in 
switchgear. As long as no work is done to cause the material to become broken, the asbestos 
does not readily become friable. 

It is also probable that a large portion of the wire in the facility has asbestos-containing 
insulation. No attempt at an inventory of this ACM was made during this assessment because 
significant intrusive work would need to be performed to accomplish this task. As long as the 
wiring is not disturbed and is left inside conduits, switchgear, etc., no hazard exists due to its 
presence and no abatement effort is justified. This is also true for the material contained inside 
old fuse and breaker boxes. The inventory for asbestos in the primary tour area is provided 
below. 

The TSI in the primary tour route is approximately 870 linear feet. The majority of this ACM is 
not accessible because it is in the overhead areas and out of reach. Of this total, there is 
approximately 30 linear feet, on three pipes, in the hallway between the control room and the 
front-face work area that would be readily accessible to the public. Protective jacketing shall be 
installed over existing coverings where ACM are present and in easy reach of tour guests. The 
ACM out of easy reach by tour guests does not require protective jacketing. 
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The area of floor tile and mastic containing ACM is approximately 100 fi2. The primary 

locations with floor tile are the control room and the two small offices, designated as Office A 
and Office B, which are adjacent to the control room. The tile is generally in good condition, 
and no abatement action is warranted at this time. There is one worn area with the underlying 
concrete visible, approximately 12 in. by 6 in., directly in front of the main control panel in the 
control room. This small area shall be sealed to prevent erosion and potential release of ACM. 

The area of transite is approximately 150 ft2. This transite is assumed to exist in the ceiling and 
walls of the control room. 

An S&M program should be in place to provide for periodic inspections and maintenance to 
ensure that ACM is not breached and released to the environment. 

4.5.2 Radiological Safety Assessment 

For radiological safety, both external dose equivalent rates and surface contamination were 
considered. In the case of contamination, consideration was given to contamination on the 
primary tour route as well as the potential for the spread of contamination from non-tour areas 
into the tour route. 

452.1 Radiation Issues. During the assessment, all areas of the primary tour route were 
assessed, and gamma-dose-equivalent rates were taken with a Bicron survey meter (instrument 
number B963E, last calibrated September 28, 1999). No dose rates above background were 
measured in accessible areas on the primary tour route. The highest dose equivalent rate 
measured in the primary tour route was 20 l.u-em/hr. 

4.5.2.2 Contamination Issues. No areas or locations containing loose surface contamination 
were observed. (No surface contamination surveys were performed as a part of this assessment; 
however, the results of routine surveys conducted by BHI were examined.) In regards to fixed 
contamination and issues due to loose contamination off the primary tour route, the following 
observations were noted during the assessment: 

l The control rod drive room directly above the control room is posted as a contamination area. 
This room and the stairway leading to it are not on the primary tour route. However, 
consideration should be given to decontaminating this room so that water cannot cause 
contamination to seep into the control room and/or out of the doorway and run into the 
primary tour route. There is evidence of water damage to the ceiling in the east portion of 
the control room. No mitigation is recommended in this report. However, S&M personnel 
should monitor this area during periodic inspections. 

l Yellow and magenta tape, which usually indicate the potential or actual presence of 
radioactive material, were found on the sensing lines where they connect to the rod water 
drive pressure indicators in the control room. This area is behind one of the control panels 
where the public should not have access. During the assessment, the radiological control 
technician present for the assessment was notified. A survey was conducted and no 
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contamination was detected. This tape should be removed, unless internal contamination is 
suspected and cannot be surveyed for release. 

l At the entrance to the front-face work area, there is a sign on the floor stating, “CAUTION - 
FIXED CONTAMINATION AREA.” Investigation revealed that a number (more than 25) 
of discrete spots of elevated fixed contamination exist on the floor in the work area. 
Figure 4- 12 indicates typical measurement results from a radiological contamination survey 
conducted in the work area. The contamination has been painted over and locations are 
clearly marked on the Work Area floor. However, the potential exists for contamination to 
be liberated due to the paint being scratched, scuffed or chipped. The spots with fixed 
contamination shall be decontaminated to free release criteria so that the fixed contamination 
sign can be removed. 

l There are currently, and therefore will be in the future, areas off of the tour route that contain 
loose contamination. The continuance of an ongoing routine radiological survey program 
under the auspices of DOE is important. A number of roof leaks could spread contamination 
into the tour route. In addition, there is existing evidence that birds and animals have gained 
access into the building. Animals are a threat to spread contamination throughout the facility 
and the primary tour route. It is recognized that it is not possible to prevent such intrusion 
into this facility. However, every attempt shall be made to minimize this possibility and 
provide for sufficient housekeeping and periodic radiological inspections to identify any 
spread of contamination. 

4.5.2.3 Posting and Access Issues. The areas behind both sides of the display panels in the 
work area have ropes with RBA postings. Access into either one of these areas allows easy 
access to contamination areas and radiation areas in the reactor front-face work area and beyond. 
These accesses shall be eliminated by use of a positive control such as locked gates so no 
unauthorized entry is possible. 

There is presently a “RADIATION DANGER ZONE” sign in the area of the reactor front face, 
just beyond and visible from the display area. Because this sign is no longer current under 
10 CFR 835 and is most likely for display purposes, it shall be moved into the display area with a 
notation that it is for display purposes only. (In the present location, it potentially presents a bad 
impression to the public that a radiation danger zone is a few steps fkom where they are 
standing.) 
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A bundle of process tubes is hanging from the crane in the work area. The bundle is wrapped in 
plastic and has current radiological postings indicating that contamination is present inside the 
wrapping. Aside from the structural issue (see Section 4.2.5) of having these tubes above the 
tour route, the potential exists for water from roof leaks or other breaching mechanism to cause 
contamination to be spread into the tour route. The bundle shall be removed from the crane and 
each process tube will be inspected for radiological contamination. If possible, the tubes will be 
decontaminated to free-release criteria or otherwise documented as “clean” so the radiological 
posting can be removed. In the event that any process tube cannot be appropriately surveyed and 
released, the process tube will be disposed. Tubes that are surveyed and documented as not 
contaminated will be returned to the current location. If all tubes are found to be contaminated, 
noncontaminated tubes are available that will be used to replace the existing tubes for display 
purposes. 

Access to RBA and contamination areas is possible from the primary tour area through a hallway 
leading east outside of the control room. A door or gate shall be erected in this hallway to 
prevent unauthorized access to these radiological areas. 

4.5.2.4 As Low as Reasonably Achievable Evaluation. Three radiological conditions exist in 
the B Reactor that require consideration: 

l Fixed contamination identified in the floor of the work area. 

l Loose contamination associated with the reactor block and other areas not in the tour route 
that can be transported by water or animals to the tour route. 

l Naturally occurring radon throughout the B Reactor. A discussion of these conditions and as 
low as reasonably achievable considerations is included in Appendix B. 

4.6 FIRE HAZARD ANALYSIS 

A comprehensive fire hazard analysis is included in Appendix C. This analysis followed the 
guidelines of HNF-PRO-350, Rev. 3, Guidelines on Performance of Fire Hazard Analyses (FDH 
1999) and is provided so each necessary element of the assessment can be reviewed. Because 
fire hazards can exist in areas remote from the primary tour route, the walk-through was 
conducted in accessible areas throughout the facility. The fire hazard analysis, therefore, 
includes detailed discussions of areas beyond the primary route and is included as stand-alone 
documentation. Recommendations for mitigative actions determined by the assessment are 
primarily related to the occupancy and egress requirements and have been included in the main 
body of this report by the appropriate discipline that will generate the engineering design. 

A fire hazard analysis that selected possible fire scenarios and their potential effect on the 
building and occupants is included in Section C.6 of Appendix C. An observation is made 
regarding a fire in the tool/storage room where there is not a rated fire separation between this 
room and the remainder of B Reactor. However, because conservative assumptions were used in 
this analysis, this area is not part of the primary tour route, other areas in B Reactor have similar 
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construction, and because mitigative action would require significant altering of the existing 
structure, corrective action is not recommended at this time. If additional areas of B Reactor are 
opened for touring in the future, construction of a wall with a one-hour fire resistance rating and 
code-compliant doors should be considered. 

4.7 SUMMARY 

Table 4-2 summarizes the hazards and proposed corrective actions discussed in the previous 
sections. This table is designed to represent the most significant hazards and deficiencies 
observed. Further details are in the respective discussions. 

Table 4-2. Hazards/Deficiencies and Corrective Actions. (3 pages) 

Hazard/ 
Deficiency 

New egress 
pathway 

Discussion 

Current egress from work 
area not sufficient according 
to FHA and UBC. 

Corrective Action 

Establish escape route from the 
work area. 

Location 

Provide for egress from 
work area through interior 
doors to exterior exit door 
west of lunch room. 

Exit doors 

New egress 
pathway 

Exit signs 

Emergency 
lights 

Lighting 

Lighting 

New egress 
pathway 

New egress 
pathway 

New egress 
pathway 

Exit doors, hardware, and Provide working hardware, Exit doors (two on north 
step-up pads not up to codes. replace existing doors with side and one on west side). 

replicas, provide for proper 
elevation changes and ADA 
requirements. 

Interior sliding steel door Secure door in open position. Interior door on southeast 
leading to additional side of valve room. 
emergency exit not 
functional. 

Exit signs not sufficient Remove existing signs and Install at locations to be 
according to FHA and UBC. replace with approved exit signs. designated. 

Emergency lights not Replace lights behind displays in Install at locations to be 
properly located. the front-face work area. designated. 

Less than requirements in Add lighting to meet UBC Work area, valve room 
some areas. requirements by refurbishing escape corridor, control 

existing lighting where possible. room hallway. 

PCBs potentially contained Remove old ballasts and replace Control room. 
in ballasts. as necessary. 

Grated floor. Install cover. Floor area in valve room 
egress pathway. 

Access to fan room, valve pit, Install barriers to prevent access Egress pathway. 
and lunch room from new by the public. 
egress pathway. 

Handrails not up to code. Install intermediate handrails. In valve pit room egress 
pathway. 
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Table 4-2. Hazards/Deficiencies and Corrective Actions. (3 pages) 

Hazard/ 
Deficiency Discussion Corrective Action Location 

Access control Barriers are necessary to Erect doors, plexiglass or other Area behind control panel; 
prevent tour groups from means to prevent access. barriers at north and south 
entering certain areas. comers of work area. 

Install plexiglass barriers 
to ancillary rooms at 
doorway. 

Asbestos Asbestos contained in piping, Asbestos generally is Tile in control room; 
electrical components, tiles, encapsulated and not a hazard. isolate two vertical pipes 
and walls. in corridor to Work Area. 

Lead paint Lead paint chipping. Remove chipped paint and paint Control room and small 
over. areas in tour route. 

Fixed contam- No current exposure; best Remove fixed contamination. Work area - about 
ination practices suggest members of twenty-five l-f? areas. 

public shall not enter a 
radiologically controlled 
area. 

Loose contam- No current exposure although Provide for periodic surveys by Above control room; 
ination potential exists from water S&M personnel. throughout tour area. 

and animals. 

Radiological 
buffer areas 

Areas shall not be accessible Prevent access. Install plexiglass West of control room; 
by public; currently signs and doors or barricades that allow behind displays south and 
ropes are in place to prevent viewing. north sides of work area. 
access. 

Radiologic 
areas 

Signs are misleading by 
being incorrectly placed or 
out of date. 

Remove where appropriate and 
install current signs if needed. 

All tour route areas. 

Sanitation 

Electrical 

Ventilation 

Ventilation 

No restroom facilities that Construct a stand alone, self- Locate outside the reactor 
meet ADA requirements. contained restroom facility. building. 

Reachable conduit, unknown De-energize existing system. Propose transformer be 
energized systems, bare Install new transformer for placed near west egress 
panels, etc. lighting, fans, receptacles, and exit. Provide receptacles 

heaters. for S&M activities. 

Existing ventilation ducts Blank off any openings in the Areas in work area. 
provide pathway for water existing ventilation system. 
leakage. Recommend ductwork removal 

in the future replaced with a 
replica. 

Elevated radon levels. Install ventilation fan. Locate ventilation fan 
through wall in work area. 

Heat No heat in tour areas so that 
interior surfaces are not 
maintained. 

Provide electric unit heaters. Locate in work room and 
hallway. 

Ventilation HVAC system not designed Design new system to continue 
to code in control room. ventilation of radon. 

Control room. 
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Table 4-2. Hazards/Deficiencies and Corrective Actions. (3 pages) 

Hazard/ 
Deficiency 

CMUs 

Floor drains 

Roof panels 

Overhead fall 
hazards 

Overhead fall 
hazards 

Overhead fall 
hazard 

Biological 

Housekeeping 

Fire 

Fire 

ADA 

Discussion 

CMUs on outside of structure 
are deteriorating. 

Tripping hazard. 

Panels in need of repair. 
General roof requires 
replacement. 

No immediate problems 
identified in primary tour 
route. 

Suspended wrapped bundle is 
potential fall hazard. 

Radiologically contaminated. 

Canvas drop shield integrity 
is unknown. 

Openings exist where birds 
and animals enter facility. 

General condition of tour 
route is not clean. 

Fire extinguishers deficient in 
number. 

Fire alarm system deficient. 

Parking lot not accessible. 

Corrective Action 

Ongoing maintenance activities 
shall include sealing. 

Remove drain and grout. Level 
to match surrounding surface 
area. 

Repair panels as needed. 
Continue with S&M roofing plan. 

Continue with S&M roofing 
maintenance plan. 

Remove. Replace with non- 
contaminated process tubes. 
Provide dead man cable support. 

Provide dead man cable support. 

Seal openings during S&M 
maintenance. 

Paint portions of accessible areas 
in tour route. 

Install five additional fire 
extinguishers. 

Install tire alarm system. 

Provide parking area upgrades 
(not in current scope). 

Location 

Entire building. 

Primary tour area. 

Entire building. 

Entire building. 

Overhead, north side of 
work area. 

I Overhead, east side of 
work area. 

Throughout tour route. 1 

Building. I 

Outside building. 
I 

FHA = fire hazard analysis 
HVAC = heating, ventilation, and air conditioning 

The engineering design drawings and associated cost estimates for the selected mitigative 
measures are included in Appendix D. All applicable codes and requirements have been 
incorporated in the designs and costs estimates. Assumptions are made regarding some minor 
details such as the total square footage of painting that is required and general repair of existing 
items based on observations made during the building walk&roughs. Quantities are indicated in 
the detailed estimate worksheets. A final site for the new restroom has not been established. 
However, there is sufficient space in the vicinity of B Reactor to site a parking area, restroom 
facility, and potential visitor center and other related infrastructure if the RL and BRMA reach a 
consensus on a location. The design in this report for the restroom facility includes allowances 
for extension of utilities that should be of sufficient length to accommodate most locations that 
may be selected. 
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The corrective actions are consistent with those derived by consensus between BRMA and RL 
upon review and comment of the 60% and 90% draft reports. The most significant comments 
related to retaining the historic character of B Reactor, where possible. These concerns are 
addressed in this report as follows: 

Doors requiring replacement will be replaced with custom-made replicas. 

The bundle rack of process tubes will be decontaminated, if possible, or replaced with 
available noncontaminated process tubes. 

The drop shield and bundle racks will remain in place and will be supported by new cables 
attached to the structure. 

Viewing of the restrooms and other rooms will be made possible. 

The steel-sliding door on the new egress corridor will be retained by permanently securing in 
the open position. 

The work area egress corridor will essentially become part of the primary tour route. 

All new components (e.g., ventilation fans and electrical transformers) will be located in 
visually unobtrusive locations. 

Lighting will be refurbished where possible and new lighting will replicate the older lighting. 

The location of the new restroom and parking facilities will be determined in the future by 
consensus. 

Corrective action for the roofing and ventilation ducting is a S&M responsibility. This will 
require further discussion and will not be included in the design package for this report. 

Because the exposure duration and frequency to the public of any remaining minimal 
radiological and nonradiological constituents will be very small, no excessive risks are expected 
after the mitigative measures are completed. However, because of the nature of the facility, 
some potential hazards cannot be completely eliminated. For example, minimal risk is 
associated with spreading of radiological contamination by animals, ACM being breached, 
ballasts with PCBs leaking, and biological hazards associated with animals entering the facility. 
Therefore, it is essential that S&M procedures are in place to provide for routine maintenance, 
general housekeeping of the facility, and routine inspection for radiological and hazardous 
constituents within the tour route. 
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5.0 HEALTH AND SAFETY 

The work performed will be conducted under the overall direction of BHI. A HASP and RWP 
will be prepared to address the safety and health hazards for the mitigative actions and specify 
the requirements and procedures for employee protection. Some of the work (e.g., radiological 
decontamination) will be performed by S&M personnel who are trained and perform work under 
current Hanford Site requirements. 

5.1 PRELIMINARY HAZARD ANALYSIS 

A preliminary hazard analysis overview is provided that indicates the major work tasks and the 
potential hazards expected that may affect employee protection. This preliminary hazard 
analysis includes an evaluation of the types of hazards associated with each major activity phase 
of the project. The process will facilitate work by identifying preliminary key hazards up front 
and incorporating risk. 

Table 5-l. Preliminary Hazard Analysis Overview. (2 pages) 

Major Work Tasks Hazards Causes Preventive Measures 

Perform radiological Exposure to radioactive Improper clean-up l Ensure all workers are trained as 
decontamination materials internally and techniques including: Rad Worker II. 
operations. externally. Cell damage Improper containment, 

and damage to internal decontamination or PPE 
l Ensure all medical, equipment, 

body organs can occur 
training, and PPE requirements are 

usage. Improper met. 
with acute overexposure ventilation usage. 
to radioactive materials. Improper waste disposal l Ensure that proper radiological 

Improper use of and handling. No or 
monitoring is performed. 

scabbling or other improper training in the l Follow the RWP instructions, 
decontamination proper use of including ALARA review if 

equipment can injure decontamination required. 

extremity or other limbs equipment. 
of workers by causing 
gash or cutting wounds. 

Deactivate existing Electrical shock to body, Lockout’tagout not used l Use lockout and tagout procedures 
electrical systems in cutting of extremities or properly, all workers not properly. 
the facility. body parts using wire informed of lockout/ 
Establish new strippers or other hand tagout status. Improper 

l Inspect all hand tools before use. 

electrical service and tools, falling off ladder use of hand tools, l Ensure that all workers are trained 

distribution system. or scaffolding, if used. ladders or scaffolding. in ladder, scaffolding, and fall 

Exposure to radiological Improper lighting in protection measures before using 

contamination. room can cause improper this equipment. 

use of equipment as 
l Ensure that all worker training is 

well. Improper or no use current. 
of RWPs. 

l Adequate RWP developed and 
followed. 
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Table 5-l. Preliminary Hazard Analysis Overview. (2 pages) 

Major Work Tasks Hazards Causes Preventive Measures 

Remove/replace Back injuries, pinching, Improper lifting l Use PPE properly. 
doors. and extremity damage by techniques, pre-job 

install plexiglass in dropping or falling walkdowns not 
l Perform proper lifting techniques. 

doorways. objects. Internal and performed, lack of l Do not attempt to move items that 

external body injuries by attention to detail, are stacked too high. 

vehicle impact. Eye worker fatigue or no use 
injuries by poking or or improper use of PPE. 

l Cover all sharp edges with taping 
material. 

dust particles in eye. 
Noise hazards. Cutting l Adequate RWF developed and 

hazards. followed. 

Mitigate overhead Bodily injuries due to No rigging plan, l Develop rigging plan. 
falling dangers, i.e., falling objects or improper rigging 
bundle rack and pinching of workers due techniques, improper 

l Comply with standards for rigging. 

drop shield. Secure to space limitations. worker body positioning. * Perform pre and post job 

bundle rack and Exposure to radiological Improper or no use of inspections on all rigging 

drop shield to roof contamination. RWPs. equipment. 

support structures in 
l Ensure that all workers are properly 

work area. trained. 

l Adequate RWP developed and 
followed. 

Cut out openings for Pinch points, foot and Improper use of grinders l Proper training with cutting 
ventilation system. hand injuries, cutting of or no guards on grinders, equipment. 

hands/arms, eye and cramped working 
head injuries, burning of conditions, bad lighting, 

l Use proper PPE. 

skin or extremities. limited vision, improper l Perform tooling inspections before 

Exposure to radiological use of PPE. Improper or each use. 

contamination. no use of RWPs. 9 Adequate RWP. 

Construct and use Fall hazards, workers No use of fall protection, l Proper training for scaffold erection 
scaffolding to struck by failing objects, improper training, no use and use. 
perform job tasks. hand injuries. Exposure of PPE, improper use of 

to radiological tooling, improper rigging 
l Fall protection and rigging training. 

contamination. and transport 0f scuffling l Proper use of FPE. 
pieces, no scaffold 

l Perform documented scaffolding 
inspections, scaffold 
collapse. Improper or no 

inspections. 

use of RWPs. l Ensure that all scaffolding is tagged 
properly. 

l Ensure that all toe boards and side 
rails are in place. 

l Adequate RWP developed and 
followed. 

ALARA = as low as reasonably achievable 
PPE = personal protective equipment 
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5.2 HAZARD ANALYSIS 

The detailed approach to perform activities will be developed and approved in accordance with 
work plans. The work plan will contain detailed instructions for performing work onsite and 
contains specific controls and requirements to ensure protection of workers, the public, and the 
environment. Given the tasks identified in the specific work packages and consistent with the 
HASP, the work supervision and craft and industrial hygiene personnel will evaluate all work 
tasks for the potential to injure or damage personnel, property, or the environment. 
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6.0 HAZARDOUS MATERIALS MANAGEMENT 

The waste generated by the project will be managed by properly trained personnel in accordance 
with state and Federal regulations. 

The overall strategy for managing waste resulting from the mitigation of hazards in the primary 
tour route is to evaluate the generation and waste management on an area-specific basis. In 
general, waste materials will be sorted at the time of removal and prepared for further processing 
and packaging and transport to another area of the Hanford Site, away from the point of 
generation, and likely at the Environmental Restoration Disposal Facility (ERDF). The existing 
S&M procedures will be used as guidance to ensure the waste has been generated, packaged, and 
surveyed to meet the final disposal facility’s waste acceptance criteria. 

Waste types that will result from the mitigation of the primary tour route include radioactive, 
hazardous, toxic, and sanitary (i.e., industrial) waste. All waste generated as a result of activities 
will be managed in accordance with relevant Hanford Site waste operations procedures as 
guidance. Applicable Federal, state, local, and DOE requirements have been incorporated into 
the Hanford waste operations procedures. 

105-B Reactor Museum Feasibility Assessment (Phase Ir) Project 
June 2000 6-l 



Hazardous Materials Management 
BHI-01384 

Rev. 0 

105-B Reactor Museum Feasibility Assessment (Phase IO Project 
June 2000 6-2 



BHI-01384 
Rev.0 

7.0 COMPLIANCE WITH APPLICABLE OR RELEVANT 
AND APPROPRIATE REQUIREMENTS 

A preliminary list of potential applicable or relevant and appropriate requirements is included 
below. This list will be considered and modified by BHI as appropriate prior to performing the 
mitigative measures. 

7.1 GENERAL CLEANUP CONSTRUCTION 

The requirements for the control and/or prevention of the emission of air contaminants, including 
particulates are established in WAC 173-400. The code establishes acceptable source impact 
levels for more than 500 carcinogenic acutely toxic air pollutants. 

7.1.1 Equipment and Waste Removal 

The act of removing materials from the building to dispose of them will constitute waste 
generation. Resource Conservation and Recovery Act of 1976 generator standards (40 CFR 262 
and WAC 173-303-170) apply to dangerous waste generation. These include identification, 
packaging, labeling, and accumulation requirements. Dangerous waste removed from the facility 
must be disposed at a facility permitted to handle dangerous waste. The waste acceptance 
criteria of the receiving facility (likely the ERDF) are criteria to be considered in packaging, 
transporting, and/or treatment of waste prior to disposal. 

7.1.2 Asbestos Management and Disposal 

The Toxic Substances Control Act of 1976 (TSCA), the Clean Air Act (40 CFR 61, Subpart M) 
and Occupational Safety and Health Act (29 CFR 19 10.1101 and WAC 296-62) require the 
management and disposal of asbestos waste. These regulations provide for special precautions to 
prevent exposure of workers to airborne emissions of asbestos fibers during removal actions. 

7.1.3 Polychlorinated Biphenyl Waste Removal 

The TSCA and WAC 173-303 regulate the management and disposal of PCB and PCB waste. 
Implementing regulations in 40 CFR 761 contain requirements for the management and cleanup 
of materials suspected to contain PCB waste. 

7.1.4 Radiation Protection 

Federal radiation limits for occupational exposure are identified in 10 CFR 835. The State of 
Washington has established radiological standards for the protection of the general public 
(WAC 246-220). WAC 246-247 identifies requirements for controlling radioactive air emissions 
through the use of best available radionuclide control technology. 
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7.1.5 Solid Waste Handling 

The minimum performance standards for the proper handling of all solid waste material are 
identified in WAC 173-304. 

7.2 AMERICANS WITH DISABILITIES ACT 

The ADA identities requirements for accessibility to buildings for the disabled. 

7.3 NATIONAL HISTORIC PRESERVATION ACT 

The National Historic Preservation Act must be complied with before performing any action that 
would alter the existing configuration of the site. 

7.4 TO BE CONSIDERED 

The applicable DOE orders establish requirements relating to safety, health, and environmental 
protection. The substantive requirements of these standards will be met for S&M activities. Site 
and activity-specific requirements and controls will be identified in the final work plan 
documents. The following DOE orders have been determined to contain requirements that are 
pertinent to one or more of the mitigation activities: 

l The requirement in DOE Order 5400.5, Radiation Protection of the Public and the 
Environment, for limiting exposure of the public to radioactive releases. 

l The requirements in DOE Order 5480.3, Safety Requirements for the Packaging and 
Transportation of Hazardous Materials, Hazardous Substances, and Hazardous Waste, to 
comply with U.S. Department of Transportation or equivalent packaging standards. 

l Requirements in DOE Order 5480.7A, Fire Protection, to analyze and provide controls for 
fire hazards. 

l Requirements in DOE Order 5480.20A, Personnel Selection, QuaZiJcation, and Training. 
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8.0 ENVIRONMENTAL CONSEQUENCES OF THE ACTION 

The National Environmental Policy Act of 1969 (NEPA) requires that actions conducted at the 
Hanford Site consider potential impacts to the environment. While no separate NEPA 
documentation is required for this effort, DOE policy requires DOE to consider environmental 
impacts of the proposed action and of alternatives as part of this report. 

The proposed mitigation plans for the primary tour route involve dismantling activities such as 
disconnection of electrical power, removal and replacement of doors, installing ventilation fans, 
upgrading equipment, and minor decontamination. 

Given the existing environmental and industrial setting of the B Reactor, environmental impact 
issues associated with the proposed activities are minimal. Activities are not anticipated to have 
direct or indirect, or irreversible and irretrievable impacts to natural resources at Hanford and 
ultimately will improve natural resources. The proposed activities are unlikely to result in any 
discernible adverse effects to biological resources, including vegetation, wetlands, wildlife 
habitat, and state or Federal sensitive (e.g., threatened or endangered) species populations or 
habitat. 

105-B Reactor Museum Feasibility Assessment (Phase Ir) Project 
June 2000 8-l 



BHI-01384 
Environmental Consequences of the Action Rev. 0 

105-B Reactor Museum Feasibility Assessment (Phase II) Project 
June 2000 8-2 



BHI-01384 
Rev. 0 

9.0 QUALITY ASSURANCE 

The MACTEC Quality Assurance Manager has the overall responsibility for the definition, 
development, and maintenance of quality assurance program documents, including the 
MACTEC quality assurance manual (MACTEC 1998), and project specific quality related 
documents. The Quality Assurance Manager reports directly to the regional Vice President and 
has complete independence associated with contract and project costs and schedules. The 
MACTEC Quality Assurance Manager provided the direction, oversight, and interpretation of 
quality requirements for the Phase II feasibility study. 

An approved quality assurance program has been developed and approved that ensures 
compliance with 10 CFR 830.120, “Quality Assurance,” DOE 0 414.1 A, Quality Assurance 
Requirements; and Quality Assurance Requirements for Nuclear Facility Applications 
(ASME 1994). The MACTEC Quality Assurance Program defines the policies, assigns 
responsibilities, and describes the program elements that affect the quality of products and 
services associated with this project. 

Products are reviewed by the quality assurance organization, as required by the corporate quality 
assurance manual to ensure that applicable contractual requirements have been met and quality 
elements considered in the planning and development of these products. All design drawings 
and the overall report will be reviewed and approved by the Quality Assurance Manager. 
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10.0 STAKEHOLDER INVOLVEMENT AND 
RESPONSIVENESS SUMMARY 

The participation of BRMA in the decision process was promoted by providing for review and 
comment on the Phase II assessment draft reports. Specifically, a meeting was held April 2 1, 
2000, with BRMA and RL, with MACTEC support, to discuss mitigation selection presented in 
the 60% draft report. Consensus was generally achieved between BRMA and R.L on the final 
mitigation selections. From these selections, engineering design drawings and associated costs 
were developed and were included in a 90% draft report. An additional opportunity to review 
and comment on the 90% report was provided to BRMA and RL in a meeting conducted June 5, 
2000. Comments from this meeting are addressed within this final report where appropriate. 
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Table A-l. Summary of Hazards Identified by 
Architectural/Engineering Assessments. (3 pages) 

Previous Mitigating or Corrective 
Discipline Deficiency Recommendation Measures Made to Date 

Architectural Paint is flaking and None. None. 
peeling on control panels 
in control room. 

Architectural Walls in front-face work None. None. 
area have black tar-like 
stains. 

Architectural Janitorial supplies are None. None. 
stockedonopenshelvesin 

Room 7. 

Architectural Display items can be Fasten items down or set up None. 
picked up and carried off barriers to prevent visitors 
by visitors. from reaching items. 

Architectural The elevation of the floor None. None. 
on either side of exit doors 
varies by more than 0.5 in. 

Architectural Built-up roofing has not Replace roofing during next None, but reroofing 
been inspected to assess maintenance cycle. project is in planning 
current condition. stage. 

Architectural Facility does not meet all Evaluate requirement for None. 
accessibility requirements additional emergency 
for disabled persons. egress. Upgrade guard rails 

along tour route. Modify 
restroom to meet 
accessibility requirements. 
Alter displays and written 
information to be able to be 
seen by a seated person. 
Install signage to meet 
ADA. 

Electrical Wireway covers are Put wires back in wireways Many covers have been 
missing and wire ends are or cut off. Cover wireways. reinstalled or wiring has 
hanging out of wireway been removed. 
near entry to front-face 
work area. 

Electrical Wiring is exposed in the Install metal or clear cover None. 
communications panel in on panel. 
the control room. 

Electrical Wireway on main control Put wires back in wireways Many covers have been 
console in control room is or cut off. Cover wireways. reinstalled or wiring has 
open. been removed. 
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Table A-l. Summary of Hazards Identified by 
Architectural/Engineering Assessments. (3 pages) 

Previous 
Recommendation 

Mitigating or Corrective 
Measures Made to Date Disckline Deficiency 

Rear door on control panel 
in control room is missing. 

Electrical Install metal or clear cover 
on panel. 

None. 

Electrical Door on electrical panel in 
control room is open. 

Install metal or clear cover 
on panel. 

Door has been closed. 

Put wires back in wireways 
or cut off. 

Temporary wiring is 
installed above the sink in 
the men’s restroom. 

Visitors can come in 
contact with wiring 
bundles on back side of 
control panels in control 
room. 

Electrical 

Electrical Barricade back side of 
control panels. 

None. 

Electrical Lighting is poor 
throughout the facility. 

Fixtures have been 
relamped. 

Leave existing fixtures in 
place and add modern 
fixtures and lamps. 

Leave existing fixtures in 
place and add modern 
fixtures and lamps. 

Incandescent light fixtures 
have broken or missing 
lamps. 

Fixtures have been 
relamped. 

Electrical 

Mechanical Natural radon is not 
controlled due to lack of 
ventilation in the facility. 

Install new permanent 
supply and exhaust fans to 
ventilate facility for a period 
prior to and during occupied 
hours. Install electric unit 
heaters in areas requiring 
freeze protection. 

None. 

None. Conduct fire hazards 
analysis in accordance with 
DOE Order 5480.7A. If fire 
sprinkler system is 
determined to be required, 
install system in tour areas. 

Clean and maintain fixtures. 

Fire sprinkler systems in 
the front-face work area 
are not working. 

Mechanical 

Mechanical Sinks and toilets are 
extremely stained. 

Sinks have been cleaned 
but toilets have not. 

None. Structural Wood roof extending 
outward from north side of 
reactor shows signs of 
water damage in 
tool/storage area. 

Make necessary repairs. 
Inspect condition 
periodically, every 6 months 
and after heavy rains or 
snow build-ups. 
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Table A-l. Summary of Hazards Identified by 
Architectural/Engineering Assessments. (3 pages) 

Discipline 

Structural 

Structural 

Structural 

Previous Mitigating or Corrective 
Deficiency Recommendation Measures Made to Date 

Wood supported cover Secure panels in place or None. 
panels above front-face remove panels. 
canvas drop shield is not 
secured adequately. 

Rolled up canvas drop Inspect support system on a None. 
shield support system may regular basis to ensure safe 
not operate properly. operation. 

Concreteroofpanelshave Assess overall structural None. 

minor cracks and some adequacy of the roof. 
spalling and discoloration. Inspect roof panels each 

year after snow/freezing 
temperature season and 
after any excessive build up 
of snow/ice/rain on roof. 

Structural Concrete roof panels are 
damaged and deflected. 

ADA = Americans with Disabilities Act 

Several panels have been 
strengthened with 
reinforcing brackets. 

No further measures 
beyond those already 
indicated have been taken. 
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Table A-2. Hanford B Reactor Museum Feasibility Assessment 
Checklist for Radiation and Industrial Safety. ( 3 pages) 

Control Room and Adjoining Officesa 

Criteria Results/Measurements/Comments 

Walking surfaces - general l Floors generally in good shape with no tripping hazards 
requirements (Ref: 29 CFR 1910.22): * noted. Aisles and access ways are adequate. 

l Housekeeping 

l Aisles 

l Floor loading - signs posted 

Walking surfaces - floor/wall openings 
(Ref: 29 CFR 1910.23): 

l Stairway floor openings - guarded 

l Ladder floor openings - guarded 

l Pits/sumps/manholes - guarded or 
covered 

l Not applicable to this area. 

l Wall openings - guarded if 24 ft drop 

l Platforms/runways - guarded 

l Railings/handrails - (record number of 
rails, height, room between rails) 

l Toeboards 

Stairs (Ref: 29 CFR 1910.24): l Not applicable to this area. 

l Measure stair width, rise, and tread run 

l Slip-resistant finish 

l Stair strength (>l,OOO lb minimum) 

l Stairway platforms - same width as 
stairs and at least 30 in. in length of 
travel 

? Railings/handrails 

Means of egress (Ref: 29 CFR 1910.36, l Four exits from control room exist: two hallways and 
37): through the two adjoining offices. No exits are marked. 

l Number of exits 

l Units of exit width 

l Arrangement of exits 

l Access to exits 

l Exit signs for routes, exit doors, doors 
not an exit 
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Table A-2. Hanford B Reactor Museum Feasibility Assessment 
Checklist for Radiation and Industrial Safety. ( 3 pages) 

Control Room and Adjoining Offices 

Criteria Results/Measurements/Comments 

Sanitation (Ref: 29 CFR 1910.141): l No evidence of vermin was observed. 

0 Vermin control/droppings * l No potable water or sanitation facilities are currently 

l Potable water supply available in the building. 

* Nonpotable water clearly marked 

l Toilet facilities - list number and type 

l Washing facilities - hot/cold running 

water, soap, drying facilities, record 
number and type 

Lighting - include lighting survey results 
on survey map 

l Lighting varies from a low of 7 footcandles to over 
100 footcandles, and is generally sufficient for public 
access purposes. 

General housekeeping inspection l Housekeeping in this area is generally good with no 
major problems noted. However, there is flaking paint, 
which likely contains lead, on the floor in various areas 
and flaking paint on various panels in the control room. 

Hazardous materials inspection - 
Includes asbestos, oil, mercury, etc. 

l The floor tile, as well as the mastic, most likely 
contains asbestos. It is in generally good shape, with 
only one bare spot noted directly in front of the main 
control panel. This spot, approximately 6 in. by 12 in., 
should be sealed to prevent further erosion of the tile. 

l The tile-like material on the ceiling and some wall 
areas may contain asbestos, although visual inspection 
indicates it is more likely a cellulose-based material. 
This material should be tested for asbestos; if it does 
contain asbestos, care should be taken to seal the few 
holes that are eroding in some places. Epoxy or paint 
can be used for this purpose. 

l There is a small mercury-filled thermometer on the east 
side of the central panel in the control room. Although 
the amount of mercury is small, it should be covered, 
perhaps with Plexiglas, to prevent breakage. 

l The ballasts in the flourescent light fixtures likely 
contain polychlorinated biphenyls. However, unless 
they are found to be leaking (none were observed) it 
would likely be more cost effective to replace the light 
fixtures as they fail instead of a mass replacement 
effort throughout the facility. 
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Table A-2. Hanford B Reactor Museum Feasibility Assessment 
Checklist for Radiation and Industrial Safety. ( 3 pages) 

Control Room and Adjoining Offkesa 

Criteria Results/Measurements/Comments 

Radiological Safety - Include results on l Dose equivalent rates in the control room between 5 
survey map: and 10 lxern/hr, which is considered to be background. 

l Calculation of dose equivalent for tour No elevated readings were found. 

group member l During the inspection, the tubing to the nine rod water 
l Warning signs/labels pressure indicators behind the west panel were found to 

l Access/egress routes 
have yellow and magenta tape on them, and four of the 
nine were disconnected. This likely indicates a past 

l Access to remaining radioactive concern with possible contamination in these lines. 

material (The tape appears to be quite old.) This was pointed out 

l Floor drains 
to the radiological control technician during the 
inspection. A survey was conducted and no 

l Potential for future spread of contamination or elevated readings were detected. 
contamination or change in 

l 

radiological conditions 
The room directly above the control room, which 
houses the control rod drive mechanisms, is posted as a 
contamination area. If water were to leak through the 
roof into the contamination area, it could possibly leak 
into the control room, causing a spread of 
contamination; therefore, the room above the control 
room should be decontaminated to prevent this 
possibility. 

a. This area is generally in good shape and safe for public access. The areas behind the control panels should be 
barricaded to prevent public access, as has already been done on the west panel. If this was done with Plexiglas, 
the areas behind the panels could be lit to provide viewing. Because there is a possibility of energized 
equipment, mercury-containing components (none were observed during the inspection), and asbestos wire 
insulation, the public should not be allowed access behind any of the panels. 

REFERENCES 

29 CFR 19 10, “Occupational Safety and Health Standards,” Code of Federal Regulations, as 
amended. 

Americans with Disabilities Act of 1990,42 U.S.C. 1211, et seq. 

DOE Order 5480.7A, Fire Protection, as amended, U.S. Department of Energy, 
Washington, D.C. 
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APPENDIX B 

AS LOW AS REASONABLY ACHIEVABLE DOCUMENTATION 

B.l DISCUSSION 

A formal as low as reasonably achievable (ALARA) evaluation is essentially a cost-benefit 
analysis where an individual or collective dose is present. One or more methods to reduce or 
eliminate the dose are considered with respect to the cost of the actions and the amount of dose 
reduction obtained. However, the highest dose-equivalent rate measured by the assessment team 
on the primary tour route is 20 prem/hr (0.02 mremihr), which is considered to be background. 
No loose contamination has been identified in the primary tour route, and the fixed 
contamination does not currently pose a threat or contribute to a dose rate. Therefore, because 
there is no dose rate, an ALARA analysis will provide results suggesting that no mitigative 
action is warranted due to no cost benefit and increased potential exposure to workers with no 
measurable benefit of reducing exposures to the tour group. 

Mitigative actions are recommended in this report as “best practices” to minimize potential 
exposures to tour group members. For example, it is recommended that the fixed contamination 
areas be removed, not only because of the potential for exposure, but primarily because it is 
inappropriate to have untrained, perhaps unescorted tour groups in a designated radiological area. 
The issue of loose contamination that can be transported by water or animals from contaminated 
areas to the uncontaminated tour route is more problematic. The contaminated area above the 
control room, because of its proximity to the tour route, is believed to be a greater potential 
hazard than contamination introduced from animals. Although the ceiling/floor separating the 
horizontal control rod room from the control room is a 2- to 3-ft-thick concrete slab, there is a 
potential for contamination to be spread through joints or through penetrations from ducting. 
The recommended method to control potential contamination spreading from the area above the 
control room and from animals is to provide for periodic inspection and measurements by S&M 
personnel. 

B.2 RESULTS OF RADON MONITORING 

B.2.1 Background 

MACTEC Inc. placed six RadtrakTM radon monitors throughout the ground level of the B 
Reactor to measure current average concentrations of radon gas. These radon monitors utilize a 
track etch process to quantify radon gas. The manufacturer of the radon monitor completes the 
analysis of each detector and provides average radon concentration in picocuries per liter 
(pCi/L). 

TM Radtrak is a registered trademark of Landauer, Inc., Glenwood, Illinois. 

105-B Reactor Museum Feasibility Assessment (Phase II) Project 
June 2000 B-l 



BHI-01384 
Appendix B - ALARA Documentation Rev. 0 

The detectors were placed on March 30,2000, and were retrieved on April 27,200O. Conditions 
in B Reactor during the measurement period were maximized so the building was closed and 
there was minimal air circulation. The building was opened during working hours on two or 
three occasions during the measurement period where some ventilation occurred. Following 
retrieval, the radon detectors were sent to the manufacturer for analysis. 

B.2.2 Results 

Results of the measurements were transmitted to MACTEC on May 19,200O. The location 
where each detector was placed is summarized in Table B-l and is noted in Figure B-l. 

Table B-l. Radon Measurement Results. 

Detector No. Location Result (pCi/L) 

4370909 Attached to electrical post; southeast comer of front-face work 7.2 
area (Location 1) 

4370974 Attached to equipment behind control panel; west side of control 
room (Location 2) 

13.8 

4370955 

4370954 

4370920 

Attached to equipment; inside viewing room (Location 3) 

Attached to coat rack peg; just inside northeast door of valve pit 
area to hallway (Location 4) 

Attached to coat rack peg; center area of fan room (Location 5) 

5.6 

7.1 

6.1 

4370922 Attached to pipe behind display panel; at entrance near the 
front-face work area from hallwav (Location 6) 

10.2 

The results are relatively consistent from location to location, providing an overall average 
indoor radon concentration of 8.3 pCi/L, with a sample standard deviation of 3.1 pCi/L, for the 
period that was monitored. As these detectors were left in place for approximately one month, 
they provide a relatively accurate measurement of the average long-term radon concentration 
inside the facility without ventilation. 

B.2.3 Mitigation 

In A Citizen ‘s Guide to Radon (EPA 1992), the U.S. Environmental Protection Agency (EPA) 
provides a level (action level) above which mitigation actions are recommended. It must be 
noted that the radon found inside the B Reactor facility is not considered by the U.S. Department 
of Energy (DOE) to be a source of occupational radiation exposure and is classified as 
background. (In the definition of “background” provided in 10 Code of Federal Regulations 
[CFR] 835.2, “Radon and its progeny in concentrations or levels existing in buildings or the 
environment which have not been elevated as a result of current or prior activities” is defined as 
background radiation that is not subject to the regulations contained in 10 CFR 835.) Therefore, 
because the radon concentrations are believed to be naturally occurring, no actual legal standard 
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or limit is applicable for radon in the B Reactor. However, for the benefit of the general public 
who are participating in a tour, it is prudent to consider mitigation actions where radon levels 
exceed the EPA’s action level, which is given as 4 pCi/L for indoor air. Although reduction of 
radon levels may also benefit potential staff members conducting tours who may occupy the 
building for up to 2,000 hr/yr, the reduction is not a regulatory requirement. 

It should also be noted that the EPA’s action level of 4 pCi/L is applicable to homes with 
continuous long-term occupancy. In the case of the B Reactor, there is no long-term occupancy, 
and the large majority of visitors will, in all likelihood, only visit one time and stay no more than 
2 hours inside the facility. Therefore, a radon concentration much higher than 4 pCi/L in a tour 
configuration would be required to provide the same radiation dose equivalent to a person as that 
from continuous occupancy. Additionally, although any potential staff member would likely 
have more exposure than a tour member, it would be much less than in a home environment, and 
as stated above, is not considered occupational exposure. 

The most appropriate and cost-effective mitigation measure to reduce the radon concentration in 
the B Reactor is installation of forced ventilation. The current practice is to open several doors 
for at least one hour prior to a tour group arriving at the facility to reduce the radon level. No 
accurate measurement has been made to determine how much this reduces the radon 
concentration; however, it has been recognized from secondary indications (e.g., reduced 
contamination of hard hats from radon progeny) that this passive ventilation is effective at 
reducing the radon concentration inside the B Reactor. 

As a part of this report, it has been recommended that an exhaust fan with a capacity of 1,000 
cubic feet per minute (cfm) be installed to provide a system of forced ventilation for the building. 
While the exact number of air exchanges per hour due to the installation of forced ventilation has 
not been calculated, it is believed that this forced ventilation will provide more than sufficient 
ventilation capacity to reduce the average indoor radon concentration in the tour route to less 
than 4 pCi/L. 

B.2.4 As Low as Reasonably Achievable Evaluation 

At an average indoor radon concentration of 8.3 pCi/L, with a one-time visit lasting a maximum 
of 2 hours, the calculated dose equivalent to a tour visitor due to indoor radon, if no radon 
mitigation is undertaken, is less than 1 mrem. As a formal ALARA evaluation is a cost-benefit 
analysis, no formal ALARA analysis is warranted for a dose equivalent of this small magnitude. 

B.2.5 Recommendations 

It is recommended that exhaust fans providing forced ventilation be installed in the work area. 
Additionally, the air conditioning system recommended for the control room should be installed 
for ventilation and climate control. Also, it is recommended that radon concentrations be 
measured at approximately the same locations after these actions are completed to quantify how 
much the radon concentrations are reduced. 
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SUMMARY 

A fire hazard analysis (FHA) was performed for the B Reactor at the Department of Energy 

(DOE) Hanford Site. The scope of the FHA covers the entire B Reactor building, including the 

primary tour route, as well as other areas of the facility not included in this tour route. The 

analysis was conducted in accordance with RLID 5480.7, DOE Order 5480.7A, Fire Protection, 

Guidance on Performance of Fire Hazard Analyses (HNF-PRO-350, Rev. 3 [FDH 1999]), and 

WHC-SD-GN-FHA-30001, Rev. 0 (WHC 1994). The FHA addresses each of the 16 principle 

elements outlined in DOE Order 5480.7A, paragraph 9.a (3). The elements are addressed in 

terms of the fire protection objectives stated in paragraph 4 of DOE Order 5480.7A. 

Objectives of this FHA are to determine (1) the fire hazards that expose the B Reactor, (2) the 

adequacy of the fire safety features currently located or planned for the facility, and (3) the 

degree of compliance of the facility with specific fire safety provisions in DOE orders, related 

engineering codes, and standards. The scope of this FHA includes the building construction, 

existing building fire protection, and site-wide fire protection. 

The development of this FHA included a site visit to document the building layout and fire 

protection features and to obtain general site information. The site visit included a walk-through 

of the B Reactor building, discussions with fire protection and facility personnel, and a review of 

drawings and site plans/documents. 

An analysis was then performed to establish candidate fire scenarios, evaluate the damage 

potential associated with these fires, and determine compliance with DOE fire protection 

requirements. The analyses involved reviewing existing requirements to qualitatively determine 

the potential impact of plausible fire scenarios on facility operations and safety. 

Although this report addresses all required elements of a FHA, the analysis focused on the life 

safety of tour group members. In addition, this analysis is limited to the primary tour route 

(control room, the front-face work area, and adjacent corridors located on the ground floor 
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elevation) when considering the occupant load of the facility. Areas not on the primary tour 

route have been analyzed to the extent that they affect the safety of visitors. 
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APPENDIX C 

FIRE HAZARD ANALYSIS 

c.1 INTRODUCTION 

c.1.1 Background 

The B Reactor, located in the 100-B Area of the Hanford Site, is one of nine plutonium- 
production reactors that was constructed in the 1940s. The B Reactor, which was the world’s 
first full-scale production reactor, was placed on the National Register of Historic Places on 
April 3, 1992. The facility is currently operating as a controlled-access tour facility, with limited 
tours available upon request. 

The primary tour route provides limited access to the control room, the front-face work area, and 
adjacent corridors located at the ground-floor elevation. In addition, various rooms that are not 
to be entered as part of the primary tour route will be configured with barriers so the interiors can 
be viewed from the hallways. These rooms include the old electrical/equipment room, the 
electrical equipment room, men’s and women’s restrooms, accumulator room, and the instrument 
repair room. In addition to the primary tour route, an egress pathway from the work area to the 
southwest exit of the lunch room will be established. 

A number of areas in the B Reactor facility are not included as part of the primary tour route. 
These areas, which are not accessible by the general public, include the reactor block, valve pit, 
accumulator room, and fuel storage basin. In addition, all areas above or below the ground-floor 
elevation of the B Reactor facility are not included as part of the tour route and are not accessible 
by the general public. 

c.1.2 Scope and Objectives 

The scope of the fire hazard analysis (FHA) focuses on the areas of the B Reactor that are 
included in the primary tour route; however, other areas of the facility are also addressed in this 
analysis. The analysis was conducted in accordance with RLID 5480.7, U.S. Department of 
Energy (DOE) Order 5480.7A, Fire Protection, Guidance on Performance of Fire Hazard 
Analyses (HNF-PRO-350, Rev. 3 [FDH 1999]), and WHC-SD-GN-FHA-30001, Rev. 0 
(WHC 1994). The FHA addresses each of the 16 principle elements outlined in DOE Order 
5480.7A, paragraph 9.a (3). The elements are addressed in terms of the fire protection objectives 
stated in paragraph 4 of DOE Order 5480.7A. 

This analysis was developed under contract with MACTEC, Inc., and was performed on behalf 
of Bechtel Hanford, Inc. (BHI). Objectives of this FHA are to determine (1) the fire hazards that 
expose the B Reactor, (2) the adequacy of the tire safety features currently located in the 
B Reactor, and (3) the degree of compliance with specific fire safety provisions in DOE orders, 
related engineering codes, and standards. 
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The results of the analyses are presented in terms of the fire hazards present, the potential extent 
of fire damage, the impact on employee and public safety, and the impact of the B Reactor’s fire 
protection. 

Figure C-l depicts the general layout of the primary tour route floor elevation for the B Reactor 
building. Table C-l provides details of rooms, doors, and corridors included on the primary tour 
route and other areas throughout the facility. The numbers of the rooms, doors, and corridors 
correspond to those shown on Figure C-l. 

Table C-l. B Reactor - Room Descriptions. (3 pages) 

Room 
Numbera Room Name Description of Use/Contents 

Rl Electrical This space is currently empty but may be used for tour displays. The space 
equipment contains carpeting rolled on the floor, metal cabinets, and a few displays. 
room A suspended ceiling is located in this space. A plexiglass barrier will be 

placed at the entrance of this room so the interior of this room can be 
observed from the hallway as part of the primary tour route. 

R2 Men’s The men’s restroom is not functional. A plexiglass barrier will be placed at 
restroom the entrance of this room so this room can be observed from the hallway as 

part of the primary tour route. 

R3 Janitor’s 
closet 

This room will not be observed from the hallway as part of the primary 
tour route. This room will be secured from access or viewing from the 
primary tour route. 

R4 Women’s 
restroom 

The women’s restroom is not functional. A plexiglass barrier will be 
placed at the entrance of this room so this room can be observed from the 
hallway as part of the primary tour route. 

R5 Electrical 
equipment 
room 

The following equipment is stored in this room: wooden electrical cabinets, 
wooden coat rack, and other electrical cabinets and equipment. A 
plexiglass barrier will be placed at the entrance of this room so this room 
can be observed from the hallway as part of the primary tour route. 

R6 Valve pit 

R7 Small room 
above valve 
pit 

Grated walkways are provided above the valve pit. Valves located in the 
valve pit below were used to provide cooling water for the B Reactor. A 
corridor for egress from the work area will be established from Room D22 
to Room D23. Barriers will be erected to prevent access to the perimeter of 
the valve pit. Room D23 will be established as an emergency exit. With 
the exception of the egress corridor, this area is not included in the primary 
tour route. 

This room, located within the valve pit observation area, was used to store 
clothing for changeout. Nothing is currently being stored in this room. 
Room R8 is adjacent to this space. Gypsum wallboard is installed on the 
wall of this room. This room is not included in the primary tour route. 
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Table C-l. B Reactor - Room Descriptions. (3 pages) 

Room 
Number” Room Name Description of Use/Contents 

X8 Small room This room has walls that are made of steel siding. Nothing is currently 
above valve being stored in this space. This room is located within Room R6 and 
pit adjacent to Room R7. These rooms share a common wall with steel siding. 

This room is not included in the primary tour route. 

x9 

210 

Front-face Various displays are set up in this area. A large ventilation curtain is 
work area installed overhead and runs across the width of the room. Process tubes 

wrapped in plastic are installed overhead in this area, and run down the 
length of the room. This area is included in the primary tour route. 

Accumulator Equipment associated with the accumulator tanks is stored in this room. A 
tank room staircase with wooden railings is located in this space. This room will be 

secured by plexiglass barriers. The stairs installed in this area are part of 
the radiological buffer area. This room can be observed from the hallway 
as part of the primary tour route. 

Rll Control room Heat detectors are installed in the control room. These detectors send a 
signal to the local panel; however, a signal is not sent to the fire 
department. Various equipment associated with reactor control is located 
in this area. Additional combustibles include a wooden ladder, file 
cabinets, and desks. Panels on the wall and on the ceiling in this area are 
fiberboard-type material. Notes in reports suggest that these tiles contain 
asbestos. The floor tile and mastic also likely contain asbestos. There are 
two office areas within the control room that contain wooden desks, 
cabinets, and tables. This room is included on the primary tour route. 

R12 Fan room The fan room can be accessed by walking through the area above the valve 
pit. Large fans and associated equipment are installed in this area. The 
main portion of this room is used to house building supply fans. Currently 
this area is part of a radiological buffer area. Fan cells are also located in 
this area. These cells house fan equipment used for exhaust air. Most 
equipment installed in this area is piping. Access to this room is secured. 
This room is not included in the primary tour route. 

R13 Lunch room- There are two heaters installed in the lunch room. These heaters are 
north operational. A wooden staircase located in this area leads to a space below. 

A large metal desk is also installed in this area. This room is not included 
in the primary tour route. 

R14 Lunch room- This space is currently empty. A corridor is provided for egress from 
south Room D23 to Room D21. 

This room is not included in the primary tour route. 

R15 Fuel storage The fuel storage basin is covered with fire-treated wood planks. Plywood 
basin sheets are placed over part of the wood planks to provide a path through 

this space. This room can be observed from the fuel storage basin viewing 
room (R16), which is not included in the primary tour route. 
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Table C-l. B Reactor - Room Descriptions. (3 pages) 

Room 
Numbera Room Name Description of Use/Contents 

U6 Fuel storage Three glass windows are installed in this area. These windows are 
basin viewing provided for observation of the fuel storage basin. One windowpane was 
room observed to be broken. Electrical panels are also present in this space. 

These panels have been roped off. This area is not included in the primary 
tour route. 

X17 Contaminated Most combustibles in this area include wooden staircase railings. In 
areas (above addition, two tool storage rooms were observed during the walk-through. 
ground level) Various tools and equipment were stored in these areas. One of the 

tool/storage rooms was observed to have a wooden roof deck. This area is 
not included as part of the primary tour route. 

218 Tool/storage The tool/storage area is a large wing of the building, located on the north 
area end of the facility. This space is used to store various equipment including 

old lighting units that are stored on wooden pallets. Additional items 
stored in this area include concrete material stored on wooden pallets and 
wrapped in plastic and various equipment stored in wooden crates. 
Gypsum wallboard is installed on south wall of this room (to the west of 
door #2). The wall between the Tool/Storage Area and the rest of the 
building is separated by 0.5-in.-thick gypsum wallboard. Penetrations in 
this wall include sizeable gaps on the east side of the door. This area is not 
included as part of the primary tour route. 

R19 

R20 

R21 

R22 

Wooden 
sheds - 
outside 

Instrument 
repair 

Office A 

Office B 

Three wooden sheds are located outside of the building. These sheds are 
currently empty and are not used for storage of materials. The wooden 
storage sheds are not included as part of primary tour route. 

This room is currently vacant. A plexiglass barrier will be placed at the 
entrance of this room, so that this room can be observed from the hallway 
as part of the primary tour route. 

This room is an office space adjacent to the control room. This room is 
included on the primary tour route. 

This room is an office space adjacent to the control room. This room is 
included on the primary tour route. 

Room numbers listed, correspond to those shown in Figure C- 1. 
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c.1.3 Approach 

The approach for the development of this FHA included a site visit to document the building 
layout and fire protection features and to obtain general information on the condition of the 
facility. The site visit included a walk-through of the B Reactor, discussions with personnel 
familiar with the facility, and a review of documents and plans. 

An analysis was then performed to establish candidate fire scenarios, evaluate the damage 
potential associated with these fires, and determine compliance with DOE fire protection 
requirements. The analyses involved reviewing existing requirements to qualitatively determine 
the potential impact of plausible fire scenarios on facility operations and safety. 

c.1.4 Assumptions and Limitations 

The results of this FHA are based on the assumption that the types and quantities of combustibles 
observed during the walkdown and identified by personnel familiar with the facility are 
representative of the potential fire hazards in the B Reactor. Quantities and types of combustible 
materials significantly greater than those discussed in Section C.6 may invalidate the basis for 
determining the candidate fire scenarios and the potential impact presented in this FHA. 
Although worst-case conditions are generally considered in the FHA, the maximum possible fire 
loss (MPFL) fire scenarios evaluate a maximum quantity of combustibles, which shall not be 
exceeded without evaluation. 

It is further assumed that the information provided in various site documents, drawings, and 
plans are accurate. This includes information provided by prior test results on fire protection 
systems, hydraulic data from water supply analyses, and construction features. 

In keeping with sound engineering practice, in the absence of technical information, conservative 
worst-case assumptions are made regarding fuel loading, fuel package burning rates, fire spread, 
and thermophysical effects. In areas that were not accessible, facility personnel were 
interviewed to determine combustible loading. 

An evaluation of the fire potentials of the hazards identified was performed to the extent that 
areas of the facility were accessible. For those areas that were not accessible, facility personnel 
were interviewed to determine combustible loading. It is assumed for purposes of this evaluation 
that the use of portions of the B Reactor as a tour area will be limited to the ground-floor 
elevation. 

The B Reactor is currently being used as a limited-access tour area with controlled tours 
provided upon request. This analysis is limited to the primary tour route (i.e., control room, the 
front-face work area, and adjacent corridors located on the ground-floor elevation) when 
considering the occupant load of the facility as a tour area. Areas not on the primary tour route 
have been analyzed to the extent that they affect the safety of tour visitors. The addition of other 
areas to the tour route will require a re-evaluation. 

105-B Reactor Museum Feasibility Assessment (Phase II) Project 
June 2000 c-7 



BIB-01384 
Appendix C - Fire Hazard Analysis Rev. 0 

c.1.5 DOE FHA Basis 

Each of the FHA elements identified in DOE Order 5480.7A are addressed in this FHA. The 
elements of the FHA are identified in Table C-2. 

t 

Table C-2. Fire Hazard Analysis Elements. 

Element (from DOE Order 5480.7A and Facility Staff) FHA Report Section 

Description of construction c.3 

Facility description and operations c.4 

Fire protection features C.5 

Description of fire hazards C.6 

Protection of essential safety class equipment c.7 

Life safety considerations C.8 

Critical process equipment c.9 

High-value property c.10 

Damage potential c.11 
Maximum potential fire loss c.11.1 
Maximum credible fire loss c.11.2 

Fire department/brigade response c.12 

Recovery potential c.13 

Potential for a toxicological, biological, and/or radiological incident c.14 
due to a fire 

Emergency planning c.15 

Security and safeguards considerations related to fire protection C.16 

Natural hazards impact on fire safety c.17 

Exposure fne potential C.18 

c.2 SUMMARY AND CONCLUSIONS 

A primary concern related to the use of the B Reactor as a tour facility is the safety of the 
occupants from a fire protection standpoint. Numerous recommendations are made in this report 
to increase the level of safety to building occupants, including the installation of a fire detection 
and alarm system throughout the tour areas, upgrades to the means of egress, and the addition of 
emergency lighting and exit signs. 

A recommendation is also made to administratively control the occupant load of the building so 
it does not exceed 200 people. This recommendation addresses the requirement to have 
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automatic sprinkler protection throughout the ground floor of the building if the occupant load 
exceeds 300 people. 

The MPFL for this facility is expected to exceed $1 million. This will require the installation of 
an automatic sprinkler system throughout the facility or a formal exemption request. A draft 
exemption request has been initiated by Hanford Fire Protection Engineering and should be 
completed. 

Upon implementation of the recommendations in this report, an acceptable level of safety will be 
provided. 

c.3 DESCRIPTION OF CONSTRUCTION 

c.3.1 Fire Resistance/Construction Type 

The building is constructed of a combination of poured concrete and concrete block walls. The 
roof is a cast-in-place concrete slab, 6.5 in. thick. For the purposes of this analysis the building 
construction type is classified as Type II-N in accordance with the Uniform Building Code 
(UBC). This type of construction is classified as Type II (000) in accordance with National Fire 
Protection Association (NFPA) 220. 

C.3.2 Fire Areas/Separations 

There are no fire-rated separations in this facility. 

c.4 FACILITY DESCRIPTION AND OPERATIONS 

c.4.1 Background 

The B Reactor was constructed in 1943 and placed on the National Register of Historic Places in 
1992 (Griffin et al. 1995). Preliminary steps have been taken to preserve the facility and plans to 
use portions of the B Reactor as a tour area are being considered. Currently the facility is being 
used as a limited-access tour area, with controlled tours of the facility provided upon request. 

C.4.2 Primary Tour Route 

The primary tour route through the B Reactor currently provides visitors with access to the large 
corridor adjacent to the front-face work area and also permits visitors to enter the work area of 
the reactor. The front-face work area contains several large displays, set up around the perimeter 
of the room. The primary tour route also includes access to the office areas adjacent to the 
control room. In addition, an egress route from the work area, through the southern portion of 
the valve pit room, to the southwest comer of the lunch room is recommended. 
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c.4.3 Additional Areas of the Facility 

Other areas of the B Reactor will not be accessible by members of the public. These areas 
include portions of the facility located above or below the primary tour route floor elevation. 
Some rooms along the primary tour route will have provisions for viewing from doorways, but 
access will be prevented by plexiglass barricades. These areas will be off-limits to visitors and 
accessible only by the facility staff. 

c.5 FIRE PROTECTION FEATURES 

This section provides a general description of the active fire protection features at the B Reactor. 

c.5.1 Fire Protection Water Supply 

The water supply system at the Hanford Site consists of two underground main systems: raw 
and sanitary water. Water for fire protection purposes is provided by fire hydrants 18 and 19 
located adjacent to the B Reactor through the sanitary water system. These hydrants are supplied 
through a lo-in.-diameter looped underground system. 

The B Reactor could be serviced by two hydrants, which are supplied by the lo-in. pipe. Water 
flow test data for hydrants 17 and 19 (McKenna 2000) are summarized in Table C-3. These data 
can be used to determine pressure and flow for all other hydrants in the vicinity. 

Table C-3. Hydrant Water Flow Test Results. 

Hydrant Static Pressure (psi) Residual Pressure (psi) Flow (gpm) 
I I 

lOOB-17 84 76 1,150 

/ lOOB-19 I 85 I 68 I 1,735 I 

Fire Protection Design Criteria, DOE-STD- 1066-99, (DOE 1999) contains certain mandatory 
requirements that were formerly in DOE Order 6430.1 A, General Design Criteria. The 
following requirements apply to the B Reactor water supply: 

l The fire hydrant system shall be capable of providing the flow rates established by the 
Uniform Fire Code (UFC) (1066-99, Section 6.1.2). 

l Fire hydrant branches shall be no less than 6 in. in diameter and no longer than 300 ft 
(1066-99, Section 6.2.2). 

l Hydrants shall be no more than 300 ft from the building/facility to be protected (1066-99, 
Section 6.2.5). 
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l Hydrants shall not be closer than 40 Et from the building (1066-99, Section 6.2.5). 

There are five fire hydrants in close proximity to the B Reactor. Hydrant 2 is located 
approximately 400 Et to the northwest of B Reactor. Hydrant 18 is located approximately 50 ft to 
the south. Hydrant 19 is located approximately 50 ft from the northwest comer of the building. 
Hydrant 20 is located approximately 360 ft to the northeast. Hydrant 17 is located approximately 
100 ft southwest. 

The UFC (Appendix 11 l-A, Table A-l 1 l-A-1) (UFC 1997) establishes required fire flows based 
on the size of the fire area and the building construction. The construction classification of the 
B Reactor is Type II-N. The footprint of the building is approximately 260 Et by 225 ft 
(58,500 ft2). These parameters would result in a minimum tire flow of 5,000 gallons per minute 
(gpm) at 20 pounds per square inch (psi). However, the layout of the facility is an irregular 
pattern and can be divided into four areas. Although these areas are technically not separated by 
fire rated barriers their substantial construction and the low fire loading provides an inherent 
level of compartmentation within the facility. On this basis, a conservative fire flow of between 
3,000 to 5,000 gpm would be adequate. 

The fire hydrant test results given in Table C-3 extrapolate to a fire flow of 3,535 gpm at 20 psi. 
The available system flow can be determined by analyzing the water supply data provided by the 
Hanford Fire Department on semi-logarithmic graph paper. This analysis results in a flow of 
approximately 3,600 gpm at 20 psi. From these data, it can be determined that the available 
system pressure and flow falls between the conservative requirement of 3,000 to 5,000 gpm. 

C.5.2 Fire Suppression Systems 

C.5.2.1 Automatic Fire Sprinkler System. There are no automatic sprinkler systems provided 
in the B Reactor. 

C.5.2.2 Interior Standpipe Systems. There are no interior standpipe systems provided in the 
B Reactor. 

C.5.2.3 Portable Fire Extinguishers. UL listed portable fire extinguishers are located in the 
B Reactor in the locations listed in Table C-4. 

Table C-4. B Reactor Tour Area Fire Extinguisher Locations. 

Extinguisher #” Location 

JElpm~ I In control room 

E2 

E3 

Outside of instrument repair room (R20) 

Outside of control room (about 88 in. from D5) 

E4 In front-face work area (hidden behind displays) 
a Extinguisher numbers listed correspond to those shown in Figure C-l. 
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Additional extinguishers shall be provided in accordance with NFPA 10, Standard for Portable 
Fire Extinguishers, for protection of the tour areas (see Section C. 19.1). 

C.5.2.4 Special Hazard Suppression Systems. There are no special hazard suppression 
systems provided in the B Reactor. 

c.5.3 Fire Detection and Alarm Systems 

Four heat detectors are located in the control room. The detectors provide local alarm 
notification only and do not transmit a signal to the Hanford Fire Department (HFD). The 
calculated occupant load of the facility is 342 people (see Section C.8). NFPA 101, 
Section 8-3.4.1 requires a fire alarm system in an assembly occupancy with an occupant load 
greater than 300 people. 

Activation of the fire alarm system shall be by manual-pull stations (NFPA 101, 
Section 8-3.4.2.1) unless smoke detection is provided throughout the facility (NFPA 101, 
Section 8-3.4.2.1, Exception No. 1) (see Section C. 19.2). 

C.6 FIRE HAZARDS 

C.6.1 Introduction 

The primary tire hazards within the B Reactor are identified and described in this section. The 
purpose of this section is to evaluate the primary fire hazards for their potential to (1) cause 
damage to the structure, (2) cause loss of building operations, (3) result in radiological 
contamination of large portions of the building, and (4) result in an uncontrolled release of 
radiological material to the environment. 

Fire scenarios considered having the greatest potential for adverse impact on the structure, 
building operations, and/or radiological materials include the following: 

l A fire in the tool/storage room 
l A tire in the front-face work area 
l A fire in the fuel storage basin 
l A fire in the control room. 

These scenarios were selected for analysis based on the building conditions observed during the 
walk-through. 

C.6.2 Approach 

Consistent with a graded approach, not all fire hazards are identified; only those that are 
considered to be a significant hazard or present an unusual threat are included in this analysis. It 
was conservatively assumed that ignition sources are present for all fire scenarios or that they 
could be introduced into the building by maintenance, repair, or other operations. 
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C.6.3 Fire Hazard Analysis Results 

The results of the FHA are summarized in this section. Fuel-loading information is based on 
information gathered during the FHA walk-through and discussions with facility personnel. 
While possible ignition sources have been reduced or eliminated due to the deactivated state of 
the B Reactor, an ignition source was assumed available to evaluate the potential impact of the 
fire scenarios. This assumption is consistent with the basis of the FHA in which the 
consequences, as opposed to the overall risk, are assessed to determine the MPFL for the facility. 
Each fire scenario is described below and includes a compartment description, a description of 
the fire development, and a discussion regarding the extent of damage and the potential for 
radiological contamination spread. Recommendations/observations for improving the fire safety 
are made where considered appropriate. 

C.6.3.1 Fire in the Tool/Storage Room. The tool/storage room (R18) is not separated from the 
rest of the facility by fire-rated construction. The wall separating the tool/storage room I?-om the 
rest of the facility consists of a single layer of OS-in.-thick gypsum wallboard. The door in this 
wall is not a rated fire door. In addition, numerous unprotected openings exist in this wall. 

The combustible loading in the tool/storage room is moderate, consisting of a few wooden 
pallets and a wooden crate, which is used to store equipment. A fire occurring in this area could 
develop undetected by persons occupying the tour areas. Given the size of the area, flashover 
conditions will likely develop, leading to full room involvement. The lack of a rated tire 
separation between the tool/storage room and the rest of the facility will enable the fire to 
propagate to other areas with extensive damage in the control room area (see Section C.19.3). 

C.6.3.2 Fire in the Front-Face Work Area. The front-face work area is a 50-Et wide by 30-f& 
long room with a 35-ft-high ceiling. The combustible loading in this area is limited primarily to 
the fi-ont face of the reactor and consists of displays (i.e., picture boards), plastic wrap, and 
various tour displays (e.g., mannequins with “period” anti-contamination clothing and tool 
displays). The displays are located around the north, east, and south walls of the room. The 
largest combustible fuel package in this area is the front face canvas spray shield that is 
suspended in front of the reactor core. In addition, Lexan (polycarbonate) shields are located 
across the front-face viewing area. Polycarbonate has a low rate of heat release and is somewhat 
difficult to ignite; however, it still represents a significant fuel load in the area. 

Ignition sources in this area consist of electrical wiring providing power to lights and tour 
displays. Because of the size of the room and the combustible loading, flashover conditions are 
not anticipated. A fire originating in this area will not propagate to other areas of the facility. 
However, smoke damage in adjacent areas would likely result. 

C.6.3.3 Fire in the Fuel Storage Basin. The combustible loading in the fuel storage basin 
consists of the plywood sheets that are used as walkways through the area. Additional material 
that was observed in this area included fire-retardant treated wood planks, piping and other 
related equipment, and the asphaltic emulsion placed on the basin walls and floor to fix 
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radiological contamination during cleanup activities. The wood planking represents the largest 
concentration of combustible materials in the B Reactor. 

Although ignition sources have been minimized, it is assumed that one is present. Due to the age 
of the planking the effectiveness of the fire-retardant treatment is assumed to be deteriorated. 
The wood planking would eventually burn and fall into the basin, thereby igniting the asphaltic 
fixative. The underlying contamination would be released into the atmosphere. 

A fire originating in this area will not propagate to other areas of the facility. However, smoke 
damage and spread of radiological contamination in adjacent areas would likely result. 

C.6.3.4 Fire in the Control Room. The control room, Office A, and Office B are provided 
with “period” furnishings to simulate conditions when the facility was operating. Other 
combustibles in this area include wood electrical cabinets and exposed wire insulation located 
behind and within control panels. Lexan (polycarbonate) shields used to prevent entry into 
certain areas will be installed in this area as well. 

The only ignition source in the control room is facility lighting. All other sources of electrical 
power, including the control panels, will be de-energized. A fire originating in the control room 
will likely develop into flashover conditions. Although fire propagation to other areas of the 
reactor is unlikely, hazardous conditions will result in the corridor and other areas outside of and 
adjacent to the control room. 

C.7 PROTECTION OF ESSENTIAL SAFETY-CLASS EQUIPMENT 

Safety-class structures, systems, and components (SSCs) are defined as those engineered safety 
features that prevent or mitigate accidents that could result in unacceptable consequences to the 
public or onsite workers. The B Reactor is not an operating production facility and, therefore, 
does not contain any safety-class SSCs. 

C.8 LIFE SAFETY CONSIDERATIONS 

C.8.1 Occupancy Type and Expected Occupant Load 

The B Reactor is classified according to a specific occupancy type as defined by NFPA 101, Life 
Safety Code. On the basis of the anticipated use of the B Reactor tour area, the classification of 
this space is defined as a new assembly occupancy. To meet the requirements of the code, this 
facility must meet the requirements of Chapter .8 of NFPA 101. 

This analysis of the use of the B Reactor is limited to the primary tour route (including the 
front-face work area, control room, etc.). The inclusion of other areas that may be opened for 
tours in the future (including the valve pit area, storage basin viewing area, etc.) will require a 
re-evaluation. Other areas of the B Reactor are not accessible by the general public (including 
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the fuel storage basin, accumulator rooms, and the upper elevations of the reactor block). There 
are currently no plans to add areas located above the level of exit discharge to the tour route. 

In determining the occupant load of this facility, only the primary tour area was included. An 
occupant load factor of 15 net ft2/person was selected to determine the occupant load. Table C-5 
details the expected occupant loads for the tour route areas. 

Table C-5. B Reactor Tour Area Occupant Load. 

Area of Space Occupant Load Occupant Load 
Room # Description of Room/Space W2) Factor (ft2/person) (people) 

Rll Control room 650 15 44 

Rll Offices 250 15 17 

R9 Front face work area 2,200 15 147 

Circulation/other 2,000 15 134 

Total: 5,100 15 342 

The calculated occupant load determined for the primary tour route area is 342 people. This is 
the minimum number of people for which adequate egress facilities must be provided. However, 
consideration shall be given to administratively controlling the occupant load of the facility (see 
Sections C.19.4 and C.19.10). 

C.8.2 Means of Egress 

Currently there are two accessible doors in the B Reactor tour area that are unlocked and 
adequate in width to provide means of egress for the building occupants. Doors D4 and D5 were 
determined to be accessible as they were unlocked during walk-&roughs, and additionally, were 
provided with exit signs. These doors shall be kept open while the building is occupied. 
Table C-6 provides a list of the doors that are part of the primary tour route and egress route. 
Doors that can be used as a means of egress to the outside and their accessibility conditions, as 
noted during walk-throughs (i.e., accessible, locked, blocked, or sealed) are indicated. 
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I 

Table C-4. Doors on Primary Tour and Egress Routes. 

D17 Door to control room 34.5 in. No N/A 

Dl 8A Door into control room office 32 in. No N/A 

D 18B Door into control room 31.5 in. No N/A 

D !9A Door into control room office 32 in. No N/A 

D 19B Door into control room 31.5 in. No N/A 

D21 Door in lunch room 34.5 in. Yes Locked 

D22 Rolling door in work area 73 in. - width No Closed during 
of door walk-throughs 

D23 Door from valve pit to lunch room 34.5 in. No N/A 

Door numbers listed correspond to those shown in Figure C- 1. 

CA.3 Exit Capacity 

The Life Safety Code (NFPA 101) mandates that all structures provide a minimum amount of 
exit capacity as a function of the actual maximum anticipated occupancy (number of people). To 
ensure adequate exiting ability, the code establishes minimums based on the occupied areas of 
the building (primary tour route). Tables C-7 and C-8 provide details on the existing doors and 
corridors serving the B Reactor. 

Table C-5 lists the occupant loads for the primary tour route. Using an egress factor of 0.2 in. 
per person for level components, the exits currently used (D4 and D5) have a capacity of 
approximately 345 people. Although this capacity is adequate for the anticipated occupant load 
these doors do not meet Life Safety Code requirements for common path of travel (NFPA 101, 
Section 8-2.5.1) or remoteness of exits (NFPA 101, Section 5-5.1.4). Therefore, additional exit 
doors are required (see Section C.19.5). 
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Table C-7. B Reactor Tour Area - Door Information. (2 pages) 

Clear 
Doora Location Width Comments/Description 

Dl Near tool/storage area 87 in. Double set of wooden doors. No door handles are provided; 
@18) push door to open. No panic hardware is installed. 

Currently the doors are locked from the outside. In addition, 
slide bolt locks are provided at the top and bottom of the 
door on the right-hand side. 

D2 Door to tool/storage 34 in. Single door installed. An exit sign is provided to the left of 
area (R18) the door; however, there are no exits to the outside from this 

space. All doors in the storage area are sealed closed. 

D3 In north end of 85.5 in. Double wooden door provided in the rear of the storage area. 
tool/storage area (R18) This door exits to the outside; however, the door is currently 

sealed closed. 

D4 

D5 

D6 

D7 

D8 

D9 

DlO 

Dll 

D12 

D13 

D14 

D15 

In hallway near 35 in. Single personnel door installed in a set of double sliding 
electrical/ equipment doors. The door handle on the personnel door was noted to 
room (Rl) be damaged. This exit requires a 6-in. step-over. 

Door near control room 34.5 in. Main entrance door. The door is provided with a Yale door 
CR1 1) closer, panic bar and wired glass. This door exits to the 

outside and requires a small step up, approximately -4% in. 

Women’s restroom (R4) 34.5 in. Wooden door. 

Electrical/equipment 35 in. Wooden door and frame. 
room (Rl) 

Rear door in fan room 30 in. A single personnel door is installed in a rolling door. The 
@W personnel door exits to outside; however, the door is 

currently sealed closed. 

Men’s restroom (R2) 28 in. Wooden door. 

Door to valve pit area 34.5 in. Wooden door with a small window (11 in. by 9 in.). The 

WI door is provided with a Yale door closer. 

Doors to work area (R9) 87 in. Double set of metal doors. The left-hand side door is 
provided with a panic bar. Door is left open for the tour. 

Door in work area (R9) 36 in. A single wooden door with a wooden frame. The door is 
to valve pit (R6) currently blocked (on the front face work area side) by an 

aluminum process tube, a horizontal rod, and a vertical 
safety rod. 

Doors to fan room (R12) 43.5 in. A set of wooden sliding doors. These doors lead from the 
valve pit to the fan room. 

Door to storage basin 35 in. A single wooden door with a steel plate on the lower half 
viewing area (R16) and a small window (9 in. by 9 in.). 

Door to cushion corridor 34.5 in. A single wooden door with a padlock. 
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Table C-7. B Reactor Tour Area - Door Information. (2 pages) 

Doora Location 

D16 Door to control room 
CR1 1) 

Clear 
Width Comments/Description 

47 in. A single wooden door with a small window and a Yale door 
closer. The door handle is approximately 47 in. above the 
floor. 

D17 Door to control room 34.5 in. A single wooden door with wired glass panel (24 in. by 
(Rll) 36 in.). A slide lock is provided on the control room side of 

the door. 

D18A Door into control room, 32 in. A single wooden door. 
Office A (R21) 

D 18B Door into control room 31.5 in. A single wooden door. 
(Rl I), exiting R21 

D 19A Door into control room, 32 in. A single wooden door. 
Office B (R22) from 
hallway 

D19B Door into control room 3 1.5 in. A single wooden door. 
(Rl l), exiting R22 

D20 Door in north lunch 34.5 in. A single door with wired glass and a Yale door closer. The 
room door closer was observed to be damaged. This door was 

locked during the walk-through. Panic hardware is installed. 
Exiting through this door may require a step-down 
(however, this was not verified because this door was locked 
during the walk-through). 

D21 Door in south lunch 
room 

34.5 in. A single door. This door is currently inoperable (sealed 
closed). Panic hardware is installed. Exiting through this 
door may require a step down (however, this was not 
verified because this door was locked during the 
walk-through). 

D22 Rolling door in work 73 in. - This door is currently inoperable, as the door is closed and 
area (R9) width of roped off on the work area side. Because this door was 

door closed during walk-throughs, the exact width of the opening 
could not be determined. 

D23 Door from valve pit (R6) 34.5 in. A single wooden door. The door is provided with a door 
to south lunch room closer. The door was observed to be missing a glass pane, 

27 in. by 20.5 in. The door handle appears to be damaged. 

D24 Door to north lunch 34.5 in. A single wooden door. A door closer and a wired glass pane 
room from valve pit (R6) are also provided. 

D25 Door near cushion 34.5 in. A single door. This door is currently inoperable as it was 
corridor observed to be sealed closed. 

a Door numbers listed correspond to those shown in Figure C- 1. 
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Table C-S. B Reactor Tour Area - Corridor Information. 

Corridor #” Description 1 Clear Width 1 

Cl ‘tDoorway” to cushion corridor 36 in. I 

c2 

c3 

Cushion corridor - after passing through door d15 

Cushion corridor - from wall to large diameter pipe 

49 in. 

36 in. 

c4 

c5 

Main corridor outside of control room 

“Doorways” in main corridor 

56.5 in. 

36 in. 

C6 

c7 

Main corridor from wall to column 

Access way above valve pit - grated area, from work area/corridor 

48.5 in. 

43 in. 

C8 Access way above valve pit - outside of fan room 
a Corridor numbers listed correspond to those shown in Figure C-l. 

69 in. 

C.8.4 Number of Means of Egress 

Section 5-4.1 .l of the Life Safety Code (NFPA 101) requires two means of egress from any 
balcony, mezzanine or story. The code requires that these exits be remotely located from one 
another. Currently doors D4 and D5 serve as the means of egress for the tour area. These doors 
do not meet the requirements of NFPA 101. As discussed in Section 8.3, an additional exit is 
required to be made accessible (see Section C.19.5). 

C.8.5 Arrangement of Means of Egress 

Sections 8-2.5.1 and 5-4.1 .l of the Life Safety Code (NPPA 101) require exits to be remotely 
located from each other and arranged to minimize the possibility that they might be blocked by 
any emergency. The exception to this paragraph allows a common path of travel for the first 
75 ft from any point where serving not more than 50 occupants. Currently only doors D4 and D5 
serve as exits from the facility. These doors are not remotely located from each other as defined 
by NPPA 101, Section 5-5. Therefore, an additional exit door is required (see Section C. 19.5). 

The front-face work area has an occupant load of approximately 147 people. The common path 
of travel permitted is 20 ft in accordance with Section g-2.5.1 of NFPA 10 1. The common path 
of travel from this area is in excess of 20 ft. Therefore, an additional means of egress from the 
front-face work area is required. Door D22 is located in the front-face work area and provides 
access to the walkway above the valve pit area. Door D22 was observed to be inaccessible 
during walk-&roughs, as the area near this door was roped off and the door was difficult to open. 
Egress through this door shall be made possible so that occupants in the work area may exit 
through the D22 entry into the area above the valve pit and through D23 into room R14, lunch 
room. Currently there are no additional exit doors that are accessible from the lunch room. 
Therefore, an additional door (that exits to the outside) is required to be made accessible. It is 
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recommended that door D21 be made accessible and remain unlocked while the building is 
occupied (see Section C.19.5). 

C.8.6 Travel Distance 

To ensure prompt access to exits, the Life Safety Code (NFPA 101) specifies a maximum 
allowable distance persons are permitted to travel before reaching an exit. Section S-2.6.1 of 
NFPA 101 limits the travel distance to 150 ft for unsprinklered assembly occupancies. This 
travel distance is not exceeded for areas that are included as part of the primary tour route. 

C.8.7 Emergency Lighting and Exit Signs 

During walk-throughs emergency lights were observed to have been provided in the locations 
identified in Table C-9. 

Table C-9. B Reactor - Emergency Light Locations. 

Emergency Light #” Location 

Ll Outside of instrument repair room (R20) 

L2 In front-face work area 

L3 Two sets of lights behind displays in front-face work area 

L4 Adjacent to D 15 - in cushion corridor 

L5 In viewing room, adjacent to fuel basin windows 
a Emergency light numbers listed correspond to those shown in Figure C- 1. 

No additional emergency lighting units were observed in the primary tour area. Three 
emergency lighting units were provided in the front-face work area, two of which were located 
behind the display area running along the south wall. These emergency lights were hidden by 
the display equipment and were marked “OUT OF SERVICE.” The operability of these lights 
shall be determined. If these lights are determined to be operational, they shall be relocated so 
they are not blocked by the equipment in the area (see Section C.19.6). In addition, emergency 
lights are required to be installed in any area of the tour area that has been determined to be part 
of a means of egress (see Section 19.6). 

Exits are required to be marked in accordance with the requirements of Sections 5-10 and 8-2.10 
of the Life Safeg Code (NFPA 101). Exit signs are currently provided at various locations 
throughout the facility, and the locations of these signs are described in Table C-10. 
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Table C-10. B Reactor Tour Area - Exit Sign Locations. 

Exit Sign # Location 

Xl Points toward door D5. Main corridor outside of 
control room. 

x2 Sign near storage area, adjacent to door D2. This 
sign shall be removed - no exit to outside through 
storage area. 

, 
Description 

Plastic sign with directional arrow, 
pointing in direction of D5. White 
sign with green lettering. 

Plastic sign. White sign with green 
lettering. 

Ix3 I_m. 
Sign near door D5. Main corridor outside of control Plastic sign. White sign with green 

lettering. 

x4 Exit sign on door D4. Plastic sign with directional arrow. 
White sign with green lettering. 

x5 Exit sign adjacent to door D5. Plastic sign. White sign with green 
lettering. 

1 x6 / ofdoor. 
Exit sign on door D5. Sign located on wired glass Plastic sign. White sign with green 

lettering. 

x7 Exit sign in cushion corridor. Paper sign. White sign with black 
lettering. Points to D5. 

lxx I Exit sign in cushion corridor. Paper sign. White sign with black 
lettering. Points to D5 

x9 Exit sign near cushion corridor. Plastic sign with directional arrow. 
Points to D5. 

The exit signs currently installed in the B Reactor do not meet the requirements detailed in 
Section 5-10 of NFPA 101. The following summarizes the requirements of NFPA 101 that are 
not met by the exit signs currently installed: 

l Section 5-l 0.1.2 - Requires approved exit signs to be readily visible from all directions of 
exit access. Exit signs installed throughout the facility do not meet these requirements. 

l Section 5-l 0.1.4 - Requires exit signs to be placed so that no point in exit access is greater 
than 100 f’t from the nearest visible sign. 

l Section 5-10.2 - Specifies requirements for size of signs and lettering. The paper exit signs 
provided in the cushion corridor do not meet these requirements. 

l Section 5-10.3.1 - Requires that exit signs be illuminated by a reliable light source. Exit 
signs may be internally or externally illuminated. Exit signs installed throughout the facility 
do not meet these requirements. 
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l Section 5-10.4.1 -Requires exit signs to be provided with directional indicators when the 
direction of travel to the nearest exit is not obvious. 

The exit signs currently installed throughout the facility shall be replaced with exit signs meeting 
the requirements in Section 5-10 of NFPA 101. Additional exit signs that meet the requirements 
of Section 5-10 in NFPA 101 shall be provided in these areas and near doors that are used as 
exits (see Section C.19.7). 

C.8.8 Interior Finish 

The interior finish in assembly occupancies is required to have a maximum flame spread rating 
of 25 in enclosed stairways, 75 in all corridors and lobbies, and 200 in assembly areas with an 
occupant load of less than 300 people. 

All areas are required to have a maximum smoke developed rating of 450. The U.S. Department 
of Energy, Richland Operations Office (RL) (RLID 5480.7, Section 8.2.e) stipulates more 
restrictive criteria for interior finish in nuclear facilities and laboratories; however, these 
requirements are not applicable because this space is no longer an operating nuclear facility. 

The interior finish in the B Reactor consists mainly of concrete and vinyl tile floors and painted 
concrete block walls and complies with the requirements of the Life Safety Code (NFPA 101). 

C.8.9 Miscellaneous Means of Egress/Exit Improvements 

There are a number of improvements that are required so the means of egress and exits meet the 
requirements of the Life Safety Code (NFPA 101). Figure C-l indicates the locations of exit 
doors, exit signs and emergency lights that are recommended to meet the requirements of 
NFPA 101. The following is a list of required improvements: 

l Floor level - Door D4 does not meet the requirements of Section 5-2.1.3 of NFPA 101, 
which states that the floor surface on either side of a door shall not vary by greater than 
0.5 in. This door consists of a set of sliding doors that have been modified by installing a 
single swinging personnel door in them. This single door is installed approximately 6 in. 
above the ground, requiring a “step up” to pass through the door. Therefore, the 
requirements of NFPA 101 are not met (see Section C.19.8). 

l Grated walkwavs - Grated walkways are currently provided in the area above the valve pit. 
These walkways, which may create a tripping hazard, will be used to gain access to doors 
D21 and D23 (from the front-face work area) (see Section C. 19.9.a). 

l Panic hardware - Doors that are provided with a latch or lock are required to be provided 
with panic hardware in accordance with Section 8-2.2.2.3 of NFPA 101. Doors D5, D20, 
and D21 are provided with panic hardware, the condition of this equipment shall be inspected 
to ensure that these devices are operable and comply with NFPA 101, Section 5-2.1.7 (see 
Section C. 19.9). 
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0 Door conditions - Doors throughout the facility shall be inspected to verify their condition. 
Damaged equipment observed during the walk-&roughs include doorknobs that were 
difficult to turn or were slightly damaged, door closers that were damaged or broken, and 
glass panes that were missing (see Section C.19.9). 

0 Fire-resistant corridors - Section S-3.6 of NFPA 101 requires corridors to be rated one-hour 
fire resistant, when used as an exit access, serving an area with an occupant load of 30 or 
greater. Currently these requirements are not met (see Section C. 19.9). 

c.9 CRITICAL PROCESS EQUIPMENT 

There is no critical process equipment located in the B Reactor. 

C.10 HIGH VALUE PROPERTY 

High value property for purposes of this analysis is defined as property or equipment with 
replacement costs estimated in excess of $1 million as identified in the RL Property System. 
There is no specific equipment in the B Reactor identified as high value. The facility and 
contents have a “book” value of $64.6 million. 

C.11 DAMAGE POTENTIAL 

Estimates of damage potential are based on the worst-case fire events in the facility. Cost 
estimates include loss of contents, structural damage to the buildings, and contamination 
cleanup. On the basis of DOE Order 5480.7A, estimates of the MPFL assume that one automatic 
suppression system will malfunction. Manual firefighting efforts are also ignored for 
determination of the MPFL. Estimates of the MCFL are based on the assumption that the fire 
protection features, including automatic sprinkler systems, function as designed. 

The B Reactor and contents have a “book” value of $64.6 million. In accordance with DOE 
Order 5480.7A, facilities having a MPFL in excess of $1 million require an automatic 
suppression system designed in accordance with the applicable NFPA standards. When the 
MPFL exceeds $50 million, a redundant fire protection system is required such that, despite the 
failure of the primary fire protection system, will limit the loss to $50 million. When the MPFL 
exceeds $150 million, a redundant fire protection system and a 3-hour fire resistance rated 
barrier are required to limit the MPFL to $150 million. 

c.11.1 Maximum Possible Fire Loss 

The maximum possible fire event in the B Reactor results from a fire in the fuel storage basin or 
control room. Fire spread throughout the B Reactor is unlikely due to the low combustible 
loading in other areas, lack of continuity of combustibles, and facility compartmentation. 
Damage results from structural damage, loss of contents, clean-up costs, clean-up costs of 
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radiological contamination, and business interruption of the B Reactor as a tour facility. 
Although a detailed breakdown of facility structure and contents costs was unavailable it is 
reasonable to assume that a loss in excess of $1 million will result (see Section C. 19.10). 

c.11.2 Maximum Credible Fire Loss 

The B Reactor is not protected by an automatic suppression system; therefore, the maximum 
credible fire loss is equal to the MPFL. 

C.12 FIRE DEPARTMENT/BRIGADE RESPONSE 

The HFD consists of four fire stations covering the 560-mi2 area of the Hanford Site. These 
stations are strategically located across the Site to ensure minimum response time to all facilities. 
Front-line engines are aerial device/pumpers in all stations with regular pumpers as back- 
up/reserve. The HFD maintains a fleet of 39 vehicles with a diversified range of capabilities. Of 
these, 29 are fire/emergency response apparatus. Of the 29 emergency response apparatus, 24 
are considered first-line equipment. The remainder are fully maintained reserves. 

The 100 Area station is the closest to the B Reactor. The estimated response time for apparatus 
to arrive on the scene of an incident is expected to be 8 to 10 minutes after notification from the 
dispatch/communications center. This estimate assumes the firefighters are in the 100 Area fire 
station and normal road and traveling conditions. 

The present operating procedure for a Hanford Site emergency response is to dispatch an 
ambulance and single aerial device/pumper from the closest station and a second aerial 
device/pumper from the next closest station. This provides a two-engine response with 
additional manpower/medical capabilities. The first apparatus due on the scene constitutes what 
is termed as “initial attack response capability.” 

The HFD has an established mutual/automatic aid agreement with the surrounding jurisdictions. 
The agreement enables the HFD to augment its own fire and emergency medical resources in the 
event of a major incident. This agreement is known as the “T&Cities Mutual Aid Agreement” 
and has been in existence since 1985. Participating agencies include the cities of Richland, 
Kennewick, and Pasco, and the tire protection districts of Benton County #l, Benton County #2, 
Benton County #3, Benton County #4, Benton County #5, Benton County #6, Franklin County 
#3, and Walla Walla County #5. Participation in the agreement is delivered using existing 
manpower and equipment. 

C.13 RECOVERY POTENTIAL 

A fire occurring in the B Reactor could result in extensive damage to the area of fire origin with 
smoke and heat damage to adjacent areas and possible spread of radiological contamination. 
Because the B Reactor is deactivated there are no concerns relative to re-establishing operations. 
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C.14 POTENTIAL FOR A TOXICOLOGICAL, BIOLOGICAL, AND/OR 
RADIOLOGICAL INCIDENT DUE TO A FIRE 

This section addresses special fire hazards resulting from chemicals, radioactive materials, and 
toxic materials and the potential for their release to the site or the public. A release to the 
environment can create a health hazard and also result in contamination of both onsite and offsite 
areas. 

The health hazards associated with toxicological, biological, and/or radiological materials are 
addressed in the Auditable Safety Analysis (BHI 1999). B Reactor contains fixed contamination 
in various areas. Contamination in the fuel storage basin is encapsulated with an asphaltic 
fixative. Asbestos is also contained in the building. There are no biological hazards in the 
building. 

A fire involving the fuel storage basin could result in the release of the radiological material that 
is currently protected by the asphaltic fixative and can result in contamination spread within the 
facility and potentially to the outside. A full analysis of a tire occurring in the fuel storage basin 
is contained in the Auditable Safety Analysis (BHI 1999). 

Contamination spread to other areas of the building could result in exposure to the occupants or 
tire response personnel (see Section C. 19.2). 

C.15 EMERGENCY PLANNING 

The pre-fire plan for the B Reactor was reviewed for this FHA (HFD 1997). The pre-fire plan 
does not include information concerning the use of the B Reactor for limited tours (see 
Section C.19.11). 

C.16 SECURITY AND SAFEGUARDS CONSIDERATIONS RELATED TO 
FIRE PROTECTION 

Access to the facility is restricted to authorized or escorted personnel. There are no special 
security considerations identified that were judged to impact the FDH. There shall be minimal 
impact on fire department response time and access to the facility. 

C.17 NATURAL HAZARDS IMPACT ON FIRE SAFETY 

The impacts of floods, tornadoes, and earthquakes on the B Reactor have been previously 
analyzed and are presented below. 
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c.17.1 Floods 

The Columbia River probable maximum flood (i.e., the flood discharge that may be expected 
from the most severe combination of meteorological and hydrologic conditions reasonably 
possible in the region) would produce a flow of 1,440,OOO ft3/s. This flood would not affect the 
central part of the Site (the plateau of the 200 East and West Areas), including the Plutonium 
Finishing Plant facilities. Likewise, waters of a loo-year flood (459,000 ft3/s) would have no 
effect on the facility. 

C.17.2 Tornadoes 

The Pacific Northwest is one of the areas of the country with the lowest frequency of tornadoes. 
The entire state of Washington has an average tornado frequency of less than one per year. An 
analysis of the Hanford Site concludes that the probability of a tornado hitting any particular 
onsite facility is six chances in a million during any one year. 

c.17.3 Earthquake 

A 0.2-g (maximum) acceleration level at the ground surface in the site area is assigned as the 
design basis earthquake. The B Reactor is not designed to withstand a seismic event. Interior 
walls and exterior walls and equipment may fail during a seismic event. 

C.18 EXPOSURE FIRE POTENTIAL 

Minimum separation distances for adjacent structures are estimated based on procedures 
provided in NFPA 80A, Recommended Practice for Fire Protection of Buildings from Exterior 
Fire Exposures. There are no other facilities within close proximity to the B Reactor. 

C.19 RECOMMENDATIONS 

There are a number of life safety issues that must be upgraded so the B Reactor tour area 
complies with the Life Safety Code (NFPA 101). 

c.19.1 Additional Fire Extinguishers 

Additional fire extinguishers shall be installed in the B Reactor in accordance with NFPA 10. 
The distribution of extinguishers shall be in accordance with Table 3-2.1 (Class A hazards) and 
Table 3-3.1 (Class B hazards). The travel distance to an extinguisher shall not exceed 75 ft for 
Class A hazards and 30 Et in areas containing Class B hazards. Recommended locations for fire 
extinguishers are depicted in Figure C-l. 
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C.19.2 Fire Detection and Alarm System 

The primary tour route and all areas used as a means of egress from the primary tour route shall 
be provided with a tire alarm and detection system. The system shall be initiated by manual-pull 
stations and fire detection devices installed throughout the areas. In areas where smoke detection 
devices are not effective, heat detection shall be used. In addition, detection devices shall be 
provided in the tour route in locations such that early detection of fires in remote areas will be 
provided (e.g., the fuel storage basin). 

Activation of any initiating device shall notify occupants (audible and visible alarms) throughout 
the tour route and transmit a signal to the HFD. 

c.19.3 Passive Protection 

The wall separating the tool/storage room from the rest of the B Reactor shall be upgraded to at 
least a one-hour fire resistance rating in accordance with NFPA 101, Section 8-3.2. 

c.19.4 Administrative Control of Occupant Load 

The occupant load of the B Reactor shall be administratively controlled such that not more than 
200 people are in the building at any time. This will address the need to provide an automatic 
sprinkler system throughout the ground-floor level of the building (required in an assembly 
occupancy with an occupant load greater than 300 people in accordance with NFPA 101, 
Section 8-3.5.1). 

c.19.5 Additional Exits Required 

Doors D4 and D5 on the primary tour route shall remain accessible while the building is 
occupied. Additional exits are required to meet the requirements for common path of travel and 
remoteness of exits for the front-face work area. Door D22 shall remain open and accessible to 
reduce the common path of travel in the front-face work area. An additional exit door (that exits 
to the lunch room) from the valve pit area is required to be made accessible. Door 21 (that exits 
to the outside) shall also be made accessible to provide occupants with a means of egress. 

C.19.6 Additional Emergency Lights Required 

Emergency lights are provided at various locations throughout the facility (see Table C-7). The 
following recommended locations are included in Figure C-l. 

1. Additional emergency lights are required to be installed in the following areas: 

a. L-l - Area adjacent to door D23. 

b. L-2 - Area adjacent to door D5. This door is currently used as a means of egress. 
Adequate emergency lighting shall be installed in area of this exit. 
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c. L-3 - Valve pit area. This area will be accessed as part of the means of egress to access 
door D2 1. 

d. L-4 - Near control room. This emergency light is currently in place. 

2. The operability of the emergency lights that are located behind the tour displays in the 
front-face work area, should be determined. If these lights are determined to be operational, 
they should be relocated to other areas in the work area; otherwise, these emergency lights 
should be removed. 

c.19.7 Additional Exit Signs Required 

The exit signs currently installed in the tour area shall be replaced by approved exit signs 
meeting the requirements of NFPA 101, Section 5-10. Exit signs shall be visible from every 
direction in the means of egress, are required to be illuminated, either externally or internally and 
shall meet the size requirements specified by the Life Safety Code (NFPA 101). The 
recommended locations are depicted in Figure C-l. 

C.19.8 Floor Level 

Door D4 shall be modified so that the floor surface on either side of the door does not vary by 
greater than 0.5 in., as required by Section 5-2.1.3 of NFPA 101. This door consists of a set of 
sliding doors that have been modified by installing a single swinging personnel door in them. 
This single door is installed approximately 6 in. above the ground, requiring a “step up” to pass 
through the door. Therefore, the requirements of NFPA 101 are not met. 

This door shall be modified so the requirements of NFPA 101, Section 5-2.1.3, are met. In 
addition, if ramps are installed, they must meet the requirements of NFPA 101, Section 5-2.5 
(minimum clear width = 44 in.; maximum slope = 1 in 12 for > 6 in. rise, 1 in 10 for > 3 in. and 
<= 6 in. rise, 1 in 8 for <= 3 in. rise; etc.). 

c.19.9 Miscellaneous Improvements 

1. Grated walkwavs - Grated walkways are currently provided in the area above the valve pit. 
These walkways, which may create a tripping hazard, will be used to gain access to doors 
D21 and D23 (from the front-face work area). The flooring in this area shall be replaced or 
covered so this tripping hazard is eliminated. 

2. Panic hardware - Doors that are provided with a latch or lock are required to be provided 
with panic hardware in accordance with Section 8-2.2.2.3 of NFPA 101. Doors D5 and D21 
are provided with panic hardware, and the condition of this equipment shall be inspected to 
ensure that these devices are operable and comply with NFPA 101, Section 5-2.1.7. 
Additionally any other doors provided with locks or latches shall be provided with panic 
hardware meeting the requirements of NFPA 101. 
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3. Door conditions - Doors throughout the facility shall be inspected to verify condition. 
Damaged equipment observed during walk-throughs include the following: 

a. Doorknobs - difficult to turn, slightly damaged, etc. 
b. Door closers - slightly damaged or broken. 
c. Glass panes - missing door D23. 

The damaged equipment shall be fixed so that these doors are operational and meet the 
requirements of NFPA 10 1. 

4. Fire-resistant corridors - Section S-3.6 of NFPA 101 requires that the corridors provided as 
part of exit access, serving 30 or more occupants, to be one-hour fire resistant rated. This 
requirement is not met. It is recommended that an exemption request be prepared to 
eliminate this requirement. 

C.19.10 Automatic Sprinkler Protection 

Automatic sprinkler protection is required in all facilities with an MPFL in excess of $1 million. 
In addition, NFPA 101, Section S-3.5.1, requires automatic sprinkler protection throughout the 
story containing an assembly occupancy when the occupant load is greater than 300 people. 

It is recommended that the occupant load of the facility be administratively controlled to less 
than 200 people (see Section C.19.4). In addition, an exemption is required to address the 
monetary loss potential in excess of $1 million. 

C.19.11 Pre-Fire Plan 

The pre-fire plan is scheduled to be revised in 2002. However, the current plan does not reflect 
the use of the B Reactor as a limited tour facility. The pre-fire plan should be updated to reflect 
current facility use. In addition, procedures should be put in place to require HFD notification 
when a tour is taking place. 
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